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I. INTRODUCTION 
I will make rivers flow among 
barren hills 
And Springs of water run in 
the valleys. 
Z Will Cwen chegdesert itAatc pools 
of water 
And the dry land into flowing 
springs. 
Isalah 41:18 (TEV) 


A. OVERVIEW 


The United States is a country with abundant natural 
resources, including a seemingly never ending supply of 
water. In reviewing the history of water usage in the 
United States, Eugene W. Weber said: 

Most of the nation was endowed with a génerous supply of 
THiS Vital resource. For many eee 1% was not necessary 
to plan how to use it but mere mMOVeGCKD1LOa= it~ vanidwecap 
the blessings cf the endowment. Peewee DSO ling, Cee is 
history as 4 nation, there have been prophetic warnings at 
infreguent intervals of the need for planning ahead. Most 
of these warnings went unheeded locally and nationally 
until recent years. [Ref. 1: p. 

In the current pe¢riod, no single water pollution preblen 
has caused as large a stir as +he contamination and "death" 


of Lake Erie. This was one of our 





first environmental alarm bells, sounded in the late 
1960's. The nation was shocked to hear that ,agticulturai, 
1a rae and industrial wastes had ‘killed’ one of cuz 
Great Laké¢s. Public indignation spurred berdering states 
and provinces to spend sevéral billion dollars to Clean up 
their effluent. £eer a decade (Of Wiomk the public was 
elated to read that Lake Erie had been Shrought back to 
iimer* —Ref. 2: p. 529 


But it 1s not that easy, it seems. "Scientists a= Ohio 

tate University's Center for Lake Erie Area Research 
(CLEAR) had found no decline in the pollutants already in 
the lake. . . . Cnee pollutants ar2 in the lake they are 
almost impossible to remove." {Ref. 2: pe 53] AS concern 
focused on Lake Erie, the overall problem of water use and 
planning also came tc the fore. 

When viewed in the aggregate, the water resources avai- 
lable are clearly defined by the famous line from the Rhyme 
of the Ancient Mariner: "Water, water, everywhere, but nary 
a drop to drink." The total quantity of water on the earth 
1s approximately 326,000,000 cubic miles. Buc Ol yess 
percent of this is fresh water and 75 percent of that fresh 
water is locked in the polar ice caps. Of the total water 
Sietcne ¢arth, only about 0.6 percent is in «the form of 
ieowld fresh water [ Ref. 2: p. 45 j. Although this still 
amounts to almost 2 million cubic miles of water, <he World 
Bank estimates that there are in e2xcess of one billion 
people in che world with insufficient access to drinking 
water, due to its unequal distribution around the glcbe 
{[Ref. 2: p. 45}. A UNICEP report speaks, for ¢xampie, of a 
womar in the Sudan whe spends 8 hours per day fetching water 


witch a@ fecur gallon pail on her head [Ref. 2: pe. 45]. 
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fixe Groundwater 


Among the largest sources of water are the aquifers? 
that underly vast areas of land. The largest in the United 
States is known as the Ogallala aquifer, that stretches from 
southern Nebraska threugh Colorado, Kansas, Oklahoma, and 
Texas. The first wells were drilled about 100 years ago and 
now in some places the water table has dropped drastically, 
as much as 100 feet (Ref. 3: p. 148]. Since aquifers refill 
Slowly, a* a maximum cf about 2.5 inches per year, it would 
take, in some places, a thousand years of no drawing at all 
eGemecene Coalilala aquifer to regain its orignal fosition 
(Ref. 2: p. 47]. 

Peeitdcc, Alan Anderson, in [Ref£. 2s p. 47], predicts 
that "Kansas alone will lose 500,000 acres of irrigated farr 
mana every five years." This is due to the overdrafting of 
the Ogallala aquifer. Because of the falling water tabie 
and the ircréasing ccst of gasoline to run the pumps, it is 
becoming less and less viable, Finer ecyvaliy, Aico “pune. one 
wateL. In some cases the water ievel has even fallen tEelow 
the well depth causing the well to go dry. In Pécos, Téxas, 
some "70,000 wells have gone dry, and sagebrush rolls agéin, 
coming tc rest against rusting irrigation equipment and 
Ssami@ened barns." ff Ref. 2: pw. 47] Overdrafting is not just 
a protléem in the central United States. "Farmers already 
rump sc much groundwater in the San Joachin that an area the 
size of Ccnnecticut has subsided as much as 30 feet." 
{Ref. 2: p. 49] 

fiee=otal amcune of groundwater in this ccuntry is 
"“Vast--akcut 50 million acre feet? (AF)." (Ref. 2: pe. 47] 
Even so, the “western cities and farms are pumping iz cut 


faster than it can be replenished. They are overdrafting." 


iPlease see appendix for definition. 


2Flease see appendix for definition. 


11 








See 7 


fret. 2: Pe 47} Eut, “overdrafting is not necessarily 
bad-~-any more than mining coal or pumping oil is bad. Bue 
. “Ys essential tc understand that some groundwater 
Supplies, such as the dwindling Ogallala, are irreplaceable. 
In much of the Southwest, especially California, Texas, and 
Aeizona, teday's overdrafting is leading inexorably to 
POBOETOW'S Crisis." [Ref. 2: p. 47] 

Jean A. Briggs, a Fellow at the Naticnal Humanities 
Center in Research Triangle Park, N.C., staczed: 
re a water-intensive people, perhaps the most water- 
BE ecucdcse a5e- Gf the fresh cater ve usetn cae 
S_ gces for fiushing toilets and sewage. Another 30% 


es bathing and cleaning. Only "aes percentage is 


a 
E 
s 
3 
d fer Sawikang and cooking. [ Ref. 


W2 

LM 
fie 
hen 
goe 
use 
In crdez tc reach a Ealance so that «here will be water for 
the future, "we must initiate 2 conservation ethic--a notion 
St2ii foreign to Americans who view water, not asa gift, 
emacs a | CCnStituticnal right, if not a God-giver right." 
Bnet. 2sp. 53) 


2. The Necessity for Ccnservation 


We are entering an era that will be characterized by 
the requirement for the censervaztion of water resources. 


Bonservaticn is 


an obvious key component in solving thse water crisis and 
eveidin future prcblems. It is the obvious way to 
provice the equivalent of avast untapped reservicr of 
clean petable3 water. It is aS opvious as eléementar 

school mathematics: halving che demand for water 1s ¢qua 

tc doukling the supply. Every sericus examination of what 
1s happening to water today, and of what threatens to 


happen t¢ it, tomcrrow, comes ¢0 th2 conclusion. that 
conservation is of extreme, possibly Gf premise, inpcr= 
tance. [Ref. 5, p. 5] 


3Elease see appendix for definition. 
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New sources cf water supplies, such as deeper aqui- 
fers, are being sought [Ref. 3: p. 149], but they cannot be 
deperded ufon +o previde the water needed t> meet the 
demands in the coming several decadés. Briggs also stated: 

What I'm not advocating is the notion that we are going to 
solve the roblem by ‘discovering more watsr. @ must 
examine what resources are available in given regions of 
the ccun«ry over a 25-to-30 year period to see where 
chere's ne more water to draw from and to establish scme 
National planning. (Ref. 4] 

National planning will help redirect resources, but 
in the near-term (five to ten years), the only way to make 
an impact onthe water supplies is +o décrease usage and 
Gevelcrirg a reuse capability [Ref. 5}. . 

Bmeyesare ctedliy orly two alternatives: the choice must be 
made between either increasing supplies or decreasing 
demand. In the United States az leas= it has been demons- 
fered  =pnat the option of reducing consumption is not only 


Peet 64 1t is €cologically an economically Superior. 
ef. 


California has been particularily hard-hit in terms 
cf water problems. Hal Rubin of California State University 
at Sacramentc, said that "water has broken more alliances 
madeaeiendshaps in California than alcohol." isket. 23D. 
48] When California -tecame a stat2 in 1850, the "frontier 
waS still open. California had few people, vast open 
spaces, and large amounts of natural resources." [Ref. 7: 
p.1] Those ¢arly miners and farmers had no need to account 
for the impact their use of resources made. 

Eut as Califcrnia developed, froma frontier “tc a 
modern scciety, many of the ways of the frontier were 
replaced Ey "complex systems that attempt to maximize total 
nex+ benefits obtainable froma given set of resources." 
{Ref. 7s pe. 1] 
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Fert of the problem stemmed from the conflicting 
types of laws that have "historical roots reaching back into 
Englisk ccmmon law, Mexican pueblo law, and western mining 
law. Tkese bedies of law were developed under very 
Gsfferent principles and for different reasons." [Ref. 7: 
p- 1j The courts have resolved various conflicts frem these 
laws, but there has been "no systematic restatement of water 
law through the legislative process. The result has been 
that Califcrnia water law decisions have been made primarily 
to protect specific private water using rights, rather than 
to previde maximum benefit to society as a whole." [Ref. 7: 
pe 1] 

Tke distributicn of water supplies and the concen- 
traticn cf demand complicates this picture even further. 

Nature provides tk¢ largest proportion of California's 
water during .winter an See ele whereas the largest 
demands cccur in the summer and fall. Fifty-five percent 
Seecalirtornia’s water SUP ESe Cones —s7rom £ne NOLethern oOne= 
Prerasor tie state, but 7 ercent of the use cccurs in 
mmeec=entral and Southern two-thirds of the state. Thus, 
the water syStem must store water across time and trans- 
ort it across space to meet the demands of water users. 
Bef. 73 Dp. 

Currently, California is able to meet the demand for 
Water except during periods of drought. Bie pa fc OC seaeie 
way this need is being met is through overdrafting ground 
Water reservoirs. Statewide water demands by the year 2000, 
xceed dependable supplies by as much as 6.6 million 
t per year 
memagracultural and urban water use continues to increase, 
qrcundwater supplies are not better managed, and no new 
Supplies are developed. The [California] Departmenc of 
Water Resources plans to mest these demands through a 
Peogran chat uses a balance of new water facilities, water 


Beceohas oot i groundwater storage cf water suppiies. 
ef. 8: p. 
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4. The Monterey Feninsula Water Situation 


Focusing on the Monterey Peninsula, a coastal azéa 
with usually adequate rainfall, problems in the water SUPPLY 
are a possibility in the future. "This is an area of recur- 
mong droughts. Water conservation ona reasonable level 
should be practiced cr we may run short of water in little 
more than a decade." [Ref. 9] 

What amount of short-fall is being talked abcuc on 
the Mecnterey Peninsula? Tree fring studies indicate that 
Califcrnia Las alternated between droughts and moderate to 
heavy rainfall. There have been exceptionally dry years in 
its history, tanging back over a thousand years [Ref. 9]. 
The Mcnterey Peninsula has experienced four dreughts in its 
recorded 77 year history. A possibility of a drceught is 
strong in any given year [Ref. 9}. The Monterey Peninsula 
recieves 14 to 22 inches of rainfall yearly. 

Ten or fewer inches constitute a dry year. In one such 
ear, ncermal stream flows are. diminished and the aquifer 
oes not become fully recharged. Two dry years in a row 

Hee 8G much cf the water in the Stargate ae drawing 


heavily cn the. groundwater and dapieting +t reserve 
buffer of water in the aquifer. [Ref. 10] 


There are three basic sources cf water for the 
Monterey Feninsula: (1) cunoff from rainfall via the Carmel 
River Basin; (2) the Carmel Valley aquifer; and (3) the 
Seaside aguifer. The Menterey Peninsula Water Management 


Bese= ict has estimated that the 


Serie wor Water currently avairlabie is 18,000, acre feet 
(APS eed Ry using the ground water available from 
the Carmel Valley, that yield could be increased to 22,000 
AF in a nermal year. . - - The 22,000 AF estimate is Lased 
on drawing 9,000 AF from the resérviors at the Los Padres 
and San Clemente dams on the Carmel River, 11,9000 AF fron 
Carmel Valisy welis, and 2,000 AF from Seaside wells. 


( Ref. 
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The water lcieeetes! ideliverwes, histonicaliy, have 
increased atan “average rate of 3% per year. CUBmenc 
District projections indicate that by the year 2000, demand 
will exceed the 22,000 AF estimated supply, and the 
Peninsula is expected to have a serious water supply 
problem." [Ref. 10] 

With this serious a situation facing all the resi- 
dents of the Monterey Peninsula, the consideration of ways 
to cut water consumpticn are needed. 

Americans have been brought up co think of water as 
a free resource. We, "to a degree inconceivable to many of 
the world's other inhabitants, are accustomed tc having 
unlimited supplies of inexpensive, clean water" [Ref. 5: p. 
703) at cur disposal. “We can, and often do, allow a gallon 
ex so of fure drinking water to run down the drain while we 
Beusn OUL teeth and we think nothing of it." fRef. 5: op. 
703 J 


6. Ike Military Presence on the Monterey Peninsula 





Among the residents of the Monterey Peninsula are 
three majcr military installations: Oe te) Talay the Naval 
Postgraduate School, andthe Presidio of Monterey. These 
three installaticns account for a large percentage of the 
Monterey Peninsula populaticn and the impact they make 
Mescanb<sS valuation. 

For the military members living in govérnment- 
provided quarters on the Monterey Peninsula, the concert of 
water being a free resource is reinforced, since there is no 
Beceem g Cr Monthly bill for any utility, including water. 
Conseguently, water conservation is not something that 
happens by consumers! cutting back so that they can lower 
feat Water bill. But as fresh water becomes more scarce 
and mcre expensive, the problem of the lack of water conser- 
vaticn measures and the continued notion of water being a 


free good must be addressed. 
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One of the lessons learned during the California drevught 
Of 976-/7 was that individuals and Pema tes. Could éu= 
down their consumption of water greatly without destroying 
Or even seriously rearranging ‘fhe rest of their lives: 
rift ,is c¢iear,' saida state report on the drought, 't 
Califorrians can carry on nearly all domestic activities 
Meeeeene MOLe than a minor erimp in lifestyles, fe 
ake 


21th a rcather substantial reduction in water consump 
Meitecic (De 6] 


on 
eo 
& 


Water conservation can work. 


A learning process is required because water has beena 
free gcod for so lcong, a _substance so easily taken for 
granted, used and thén splashed unceremoniously conto the 
GeCund cr into the nearest stream. .. ww If there is cne 
Eming we Should knew about water now, it is that it is 
dmpcrtante. It is net free. [Ref. 53: pw. 71673 


Be. OEJECTIVE 


The okjective of this thesis is to evaluate water use on 
f2iitary installations, and to datermine ways +o conserve, 
if necessary, which could be implemented DOD-wids. 


C. SCOPE 


Dimewcocal point will be new construction on the Presidio 
cf Monterey, as an example of che impact made by a small 
Bowe sary installation on a Civilian communic<y. From this 
evaluaticn, generalizations will be made, if applicable, +o 


Soaer Military installations. 


D. RESEARCH HYPOTHESES 


The research will be guided by two research hypotheses: 

Sheedater cGonsumpticn on military installations is propcr- 
tionally higner than consumption in civilian communi- 
ties. 

(2) Conservation techniques can be implemented which will 
result in significant cost savings for the United States 


government through decreased water consumption. 


lie? 





eo TCREAT 


Chapter Two is a review of the literature concerning 
various conservation techniques that are appropriate to 
Military installations. It includes a study of the reuse 
potential of waste water generated in the homs; the rpossibi- 
lies cf cisterns both in individual units and tas2-wide; 
jaternal flow-reducticn devices for cutting down water use 
inside the house; metering as a way of making the housing 
eccupants aware of the cost of the water they are using; the 
possible water savings in landscape irrigation by the use of 
drought-tclerant plants; and the effects of public education 
in raising the consciousness level about water use. 

Chapter Three addresses each of the research hypotheses 
and considers the techniques outlined in Chapter Two from 4 
cost/tenefit perspective, paying special attention to cembi- 
naticns cf alternatives. Ghaprermrou= is thiegeconc lus ionmest 
the study, making specific recommendations for use at the 


Presidio cf Monterey. 
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A. INTRODUCTION 


The literature in water conservation recognizes fcur 
primary ways of making more efficient use of existing 
supplies--through operational, economic, structural, and 
socio-pclitical means [Ref. 11: pp. 85 - 95]. 

Operational methcds of demand reduction are chiefly 
under the ccntrol of the utility and include leak detection 
and repair and the implementation of use restrictions. 
Economic means of demand reduction can be accomplished 
Ses eunough utility company actions, in terms of pricin 
policy, incentives, penalties, and demand metering. These 
two méethcds, operaticnal and economic, are beyond the sccpe 
Sr this thesis. 

Structural and socio-volitical means, however, held much 
promise as ways that could be impiemented by military 

Stallations to make a dramatic impact on water use and 
cost. Structural methods relate to recycling and reuse 
systems, cisterns for rain water capture, wa*er-saving flow 
contrcliers, metering, and low water-use plants and ground 
cover. Miye SCccio-political method is bésically public 
educaticn tec explain the necessity of water conservation and 
Bomeume.t support frcm the users. The developmen* of this 
conservation ethic is essential to any successful water 


Management effort. 


B. BASELINE CONDITICNS 


Various combinations of the above mentioned ways of 
conserving water can be made. All are interrelated and so 


are not strictly additive; +hat is, the total impact cannot 


1g 








ke measured by adding together all of the individual 
effects. 

To evaluate a program of water conservation, a basé¢line 
has teen adapted from the Journal of Water Resources, 


Planning and Management Division published by the American 


Society of Civil Engineers and is presented as Table I. 


i as 


TABLE I 
Baseline Water Use 


| | 
| | 
| | 
| 
| mUnG=scn Gallons per Percent of Percent of 
| Caprea per pay Tr Huse Teter Use | 
| 
| | 
7 In-Hcuse us¢ 
; | 
| pea Le * 25 4 Q 13 | 
Bath/Shower 20 30 11 
| Lavatory/Sink 3 5 2 
Laundry 10 15 5, | 
Dishwasher 3 5 Zz 
Cudinary 3 5 2 | 
Subtotal og TOU 35 | 
: eiecide-Yard 25 65 | 
| Total Use Sh) TU0 | 
| 
| (Ref. 11: pp. 88-89] | 
oe ee eee 


Water use figures were based on studies done in Denver, 
Coloradc, an, 1969. They are very similar ‘*0O amounts 
obtained in cther studies as noted in [Ref. 12: p. 210]. 
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C. RECLAMATION AND REUSE 


Che way of cutting down on potable water use while ar 
the Same time reducing the amowmt of discharge into the 
sewage system is through reclamation and reuse. This has 
become a more viable alternative as the cost of fresh water 
has increas<d and its availability has decreased. There has 
been extensive study cf the technological and health-related 
aspects cf water reuse. 


In 1979, a Water Reuse Symposium was held in Washington, 


DEC. , with the tkeme "Water Reusée--From Research to 
Application," co-spcnsored by the American Water Works 
Associaticn Research Foundation; the Office of Water 


hesearen and Technology, U. S. Dept. of the Interior: the GU. 
S. Azmy Medical Research and Development Command; the U. S. 
Envircenmental Protection Agency; she National Science 
Foundation; and the Water Poiution Control Board. Several 
tnousand fages of Tepferts and studies were presented at the 
symposium. 

One cf the papers presented dealt specifically with the 
tate of California and the ongoing réclamation and reuse 
fFroject cf Ias Virgenes Municipal Water District [Ref. 14: 
Ppp. 1629 - 1647 }. The paper pointed out that the State of 
Samper nia Water Code, Chapter 6, Article 2, encourages the 
reuse of wastewater. 

Tz is hereby declared that the pzximary interest of the 
MUS cc coquires tha eariuun couse of estevates 
in the satisfacticn of the requirements for beneficial 
uses of water. [Ref. 14: p. 1629] 

Also, the Califcrnia Department of Water Resources has 
declared "the reuse cf water to the maximum extent feasible" 
to be cne cf£ the elements of its water management pclicy 
meet. 4: p. 1629]. 
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The las Virgenes Municipal Water District (LVMMWD) 
has prepared itself to be a leader in the rapid expansicn in 
reclamation and reuse of wastewater in Southern California. 
LVNWD ccvers 78,500 acres in western Los Angeles County, 
Sitting astride the Santa Monica Mountains. tS population 
Soeclecse to 30,000. LYMWD has been providing reciained 
feet sls agracultural and institutional landscape use 
Since 1971. However, in 1977, the California Department of 
Pamkeesanaq Recreaticn acquired a large part of the Las 
Virgenes Valiey and designated that the land be kept in its 
native state, unirrigated. LVMWD was faced with what to do 
with the water it now had available. Also, new filters were 

alled to bring the water up to non-potable standards.5 
The district, thus, proposed to provides this water te the 
only source capable cf using this supply over a larg? part 
of the year, the residential homeowner [Ref. 1: p. 1632]. 

As was pointed out in Table I, 65% of the domestic 
water ccnsurption was for outside water use. Another 13% 
was used in toilet flushing. These are the two primary uses 
for recycled water. LVMWD proposed using recycled water for 
meme tetiushing, but the health authorities ruled it out. 
However, the amcunt of water used in landscape irrigation 
Made the preposal worth persuing on its own right. 

The LYVMWD developed a dual-water delivery systen, 
with seperate lines for potable and non-potable water. 
Appropriate safeguards were built-in to minimize accideéntial 
ingestion of th2 non-potable suppiy by the user. a a 
worth mentioning «hat the non-potable water met the 
so-called 'body-contact' standards of the State e)38 

S 


Gaul FECr nia. In other words, "swimming in water of thi 


*See appendix for definition. 
SSee appendix for definition. 
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feereency, Cr irrigating lettuce, is permitted." [Refs 14: p. 
1633 ] 


LVMWD developed extensive guidelines for the necn- 


potable water systen, the basic concepts of which are 
broadly described as follows. 


The non-potable water sy Sten Will be operated at a lower 
pressure that the fetable water system. (Sheuld a cros- 
scennecticn cccur, flow will be from the potable to the 
non-fotable system.) 


All non-potable facilities will be easily identified and 
ditterentiated from the potable facilities. (This will be 
pee aie by special markings and/or us? of different 
materi 4 


The installation and operation of non-potable facilities 
will be closely moritored by LVMWD, who will keep accurate 
records of the form and location of each on-site system. 


LYMWD has adopted the necessary Resolution to provide for 

District control cf the non-potable system through a 
ermict system, and for enforcement of the rules and regu- 
aticns relative tc the use of the non-potable supply. 


LVMWD will develop and implement an on-goin education 
Tat hie fer users cf the nonpotable systen. Ref. 14: p. 


LVMWD received a gualifiesd endorsement ‘from the 
health authcrities, and was able to begin the ptegram in 
1978. What is most Significant is the the 


concept of piping reclaimed water to the point of use has 
he advantage, when compared to. ground water recharge 
si ips river or lake discharge, of Sidestepping the resi- 
dual organic question. By Pa Seilcans vee Uday | dade oe Gas 
ficial uses Short of ee are Within reach. /OL 
present day knowledge and technology. [{Ref. 14: p. 1633] 


The experiment tried by LVMWD has, so far, been 
successful, even though the health authorities insisted that 
irrigaticn water for private homes be used only on the front 
yards, using a District-controlled timer to limit the heurs 
that the non-potable water could be used. 

When the health authorities allow the use of noen- 
Poudblemwater for all landscape irrigation and for use in 
toilets, LVMWD feels it will be meeting the spirit of the 
Califcrnia law, which requir2s maximum use of wastewater, 
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and will be "taking advantage of the beneficial economics of 
a socially-acceptable progran, resulting in lower short and 
long-term total cost to the customer for water and sewer 
service." [{Ref. 14: pp. 1637-1638] 

Thi¢ case has been presented in detail +o show that 
the technclogy now exists to reuse wastewater in ways that 
Can make an impact in the total demand and cost for water. 
Since the test was ccnducted by installing the system in new 
houses, there may be a direct applicability <«o the military 
housing at the Presidio. 


2. Department of Defense Concerns abou Euse 


Thé military was well represented at the Water Reuse 
Symposium. One of tke first speakers was George Marizenthal, 
Deputy Assistant Secretary of Defensa (Energy, Environment 
and Safety). Mr. Marienthal stated that the "Departmen = of 
Defense is fully ccmmitted to conserving our nation's 
resources. We view wastewater recycle and reuse as a means 
Peerwrcher this basic commitment. [Ref. 15: pe. 6j He 
expressed the concern that DOD, as well as private industry, 
was finding water just toc valuable to throw away. 

WieodeWwiceor 1S beccSing, in fact, a practical source of 
good water. We see water reuse as just plain wise nanage- 
ment. If ee developed, water reuse should be ccst 
PeeeceelVey, Sheuld increase Our operational capability, and 
should ¢ése all our installation demands for fresh water. 
meet. 15: p. J 

Mr. Marienthal reminded the participants that the 
1977 amendments to the Federal Water Poluticn Control Act 
have added an additional emphasis +t+9 wastewater reuse 
consideraticns. 

All federal agéencies must, after September 30, 1979, usé 
inncvative treatment processes and techniques for water 
olluticn abatement facilities. This_includes, but 1s not 
imited to, methods utilizing recycle, c=euse and land 
Pecathent. Innovative treatment must be used when its 


emer cycle Cost is no more that 15 percent greater than 
the most cost effective alternative. (Ref. 15: p. 
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In tracing the Army's recycling experiments 2+ ?+. 
Detrick, Maryland, Mr. Marienthal pointed out how Army, 
Navy, and Air Force research is creating expertise that the 
Civilian institutions can draw on. He concludes by saying: 
"All in all, we view wastewater recycle and reuse as a 
viable aiternative in wastewater treatment, water source 
develcpment, and our cverall resource conservation Deg Ea mea" 
[Ref. 15: p. 9] 
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The United States Air Forces has been conducting 
water reuse research since 1973 [Ref. 16:  p. 1877J. A 
comprehensive study of the possibility of water reuse was 
eonaqucced at McClellan AFB, Sacramento, Camba Ornla. 
McClellan AFB was viewed by the Air Force as having geod 
potential for water reuse since the on-base wells were 
lowering the water table by at least two feet per year, 85 
percent cf the non-fotable water us2 would be for cocling 
towers and irrigation, and the base was faced with a high 
Surcharge fer discharging to a regional system [Ref. 16: pp. 
1877 j. 

After the analysis was completed, a recommended 
water reclamation and reuse system was developed tc handle 
reclaimed wastewater. 

Ten million gallons of storage are being provided to 
supply cver 10 miles of a dual distribution system. Main 
uses of the reclaimed water will be landscape and athletic 
Gerewde 2EEigation cooling tower makeup water and air 
Pomsiriton contro scrubber makeup water. Them 20a): 
Someeaie.10n Cost for the system is $2.5 million, 3 
Savings of several million dollars in the life cycle costs 
over the alternative of eee the regional syStem. An 
equally important savings 1s the AD Se pele O07. maison 
W 


See ee annually cf fresh water Loch will not “ses wirh— 
rawn from the groundwater basin. [Ref.j 16: p. 1879] 
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As the example demonstrates, the Air Ferce is 
providing a working model of how to apply water reuse tech- 
nology tc a military installation and make it work. 


4. United States Army Water Reuse 


The U. S. Army also has an interest in developing a 
water reuse potential. A paper was presented at the Water 
Reuse Symposium entitled "Water Reuse and Water Conservation 
at U. S. Army Installations." The introduction to the paper 
stated: 


Wastewater reuse has become a viable alternative water 
rescurce in the akatemant of a number of stressing envi- 
ronmental problems. It offers a new means of extending 
water supplies and reducing fresh water demands. In 
regions where high sewer surcharge fees or stringent disc- 
harge requirements exist reuse has the potential to 
reduce treatment ccsts by reducing or é¢liminating the 
discharge. AS oOUr water resources becom2 stressed and 
polluti¢cn potential increases, effective low eneray 
rescurce conservaticn methods must be explored; wastewatér 
reuse 1s one such method. (Ref. 17: pp. 1865 - 1875] 


The U. S. Army was interested in studying the pessi- 
bility of savings tc be generated by wastewater treatment 
and reuse on its installations in the water short areas of 
the United States--the west and the southwest [Ref. 17: pp. 
1865 }. 


Meioeewarc.: Teuse Can have Several benerits for army posts; 
fresh water supplies can be conserved by substituting the 
reclaimed water for subpotable® uses; problems with pellu- 
mom contrcl can ke alleyiated by internal recycling and 
reuse at specific activities; treatment ate tte San Oar AY be 
enhancec Ey reusing water and reducin he hydraulic icad 
on the treatment plant; nutrients in the wastewater can be 


utilized as fertilizer in irrigation waters; zero disc- 
harge reuse schemes can eliminate the problem of routine 
Serandgen. ettiluent or pre-treatment criteria; and by 


reducing wastewater tnrough the reuse, bases can reduce 
jseey cf sewer discharge fees. (Ref. 17: pp. 1865 - 


6This eee +o 'non-pocable' defined akove. See 
e 


sLiguiiceeue Moje ie (epelinc|ayrondys| felis % 
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In ordér to make an adequate study of the water 
reusé potential at permanent army posts, a model was devel- 
oped to assess that potential. "The model was dizectly 
applicable tc those installations where new water and waste- 
water construction is planned and, thus, formal evaluation 
ef reuse pctential is federally mandated." [Ref. 17: p. 
1866] The model was set up to deal only with subpotable 
(non-potakle) water reuse on a permanent, fixed army posts. 

"This model was designed as a “<hree-tiered svalua- 
tion to aid the Army in evaluating reuse potential at fixed 
installations." [{Ref. 17: ppe 1866 - 1867} In order to 
evaluate more than 130 Army installations of interest in the 
United States, it was necessary to develop, as the first 
tier, a straightforward, e¢asy to apply model that could be 
evaluated in approximately one man day of effort [{Ref. 17: 
oe 1867 }. 

Those U. S. Army installations that ranked highesz 
in Tier I, would then be considered for evaluation under 
Tier II. This tier would provid2 a "cookbook-type approach, 
leading the evaluatcr to an eventual comparison of total 
cost for various réuse scenarios, including nen-reuse 
Biec2oOns, az Gach installaticn." [Ref. 17: p. 1867] 

Tier III, a mere detailed approach, “incorporates a 
sophisticated mathematical model supported with a@ computer 
program tc aid Army eé€ngineers in the selection and ccst of 
conceptual reuse systems at installations with the best 
reuse potentials." [Ref. 17: p. 1867 j 

This whole process is aimed at sifting thrcugh the 
populaticn of possible target posts to arrive ata rank 
crdering of those that would provide the best potential for 
savings threugh recycle and reuse. Using Tier I rankings a 
Substantial number of Army posts that have little potential 
for water reuse could be eliminated frem further considera- 
oeeecnue cLedweing the cost for analysis at the more exten- 


saecmt.c: [ and Tier II stages. 
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2+ JU. S- AEMmy Reuse Model--Tier I 


= 
= om awe 


Tier I is ccmposed of five general categories that 
were develcped as indicative of the water reuse potential at 
Army installations. "The major criteria were rank ordered 
as tc importance for wastewater reuse as follows: water 
Supply, wastewater, activities, institutional aspects, and 
Climate, frcm high pricrity to low priority." [ Ref. 17: p. 
1867 ] 

Mey eSt Criterion, water Supply, is cf primary 
importance since it is the cost and availability of a water 
pumeey,) bOch Current and expected, that drives the need for 
Wastewater reuse [Ref. 17: p. 1868}. Some of the questions 
and resccnses that are considered under this criterion are: 
Question 1. Is _ the base water supply available from a reli- 

able source for the next 20 years? 

remark: A negative response signals possible 

long-range supply problems, a plus for reuse. 
Question 2. Is there possible significant depleation of the 

water supply within the next 20 years? 

Remark: <A negative response means future plan- 


nang and posSible design of new water supply 
facilities--3a good time to evaluate reuse. 


Question 3. Is *here a new future anticipated problem with 
the water supply? 


Remark: Negative response implies a high 
Tating fer reuse as evaluation an lanning for 
new and additional” wacecr supplies should 
include reuse possibilities. 


Question 4. What is the present cost of water procurement 
and treatment per 1,000 gallons? 


Remark: High water costs are a driving force 
for reuse as the economics cf reuse become mere 
de tractive. 


Question 5. Is there a forseeable event that could markedly 
inerease water costs in the near future? 


Remark: Although costs may, be reasonable new, 
many areas are realizing increased costs as 
water sources are depleted and quality 
degrades. Future cost increases benefit reuse 
eccnomics. 
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Question 6. Is expansion or 


treatment syste 


Remarks: 
manic CACacCity. 
easibility. 


Reuse 


mae Second Criterion 


veges aa cf the water Supply/ 
ms planned for the near future? 
Can provide savings in reduced 
Planning should include reuse 
{ Ref. > pe. 1868] 
, Wastewater, is avaluated in 


terms cr the quality and type of wastewater generated by the 


installation. 
May ke an excellent candidat 


mosecaliaticn is 


Sie remcly in a Situation 
treatment facilities are 
requirements and, therefor 
ties is under considerati 
pwelie Law 95-217, they nu 
wastSwater reuse as an alt 
making process. Thus, 

concept of wastewater mana 
Seeoent guality, effl 
volumes are all important 


Several questions in 


(DG ale a 


required within 


A pe 
design, 
Reuse c 


i 


is 
Cre 


Question 


Remark: 
Deen), 

ties. 
Om COncei vant 
facilities wou 


V2. Wiha = 


suspe 


Ques*ion qualizy 
ndéed mi 
Remark: . 

reuse in 
Sequsced “for 


economics look 


the base 
lonal sewer 
PLiliiton 


Remark: High 
effect cf reuse 


HeGsy eee 
reg 


fee per 


Question 


19. Are future 


Suasticn : 
increase the di 
Remark: Again 
fees can have 
reuse planning. 


unable 


gs 


uente 


agate na. 


Good qualit 
aha Tree 


changes likely that 


If the wastewater is good quality already, it 


e for reuse. Howevel, if the 


where outdated and/or overicaded 
to meet Tequisite eee 
Gye an Update vol “CUT renteeeacG as 
on by virtue of the mandate of 
St consider water reclamaticn or 
ernative within their decisicn- 
when considerizg the overall 
ment, the treatment 
Ciltopereeos cS, sand 
factors. fRef. De 


this secevon are relevant: 


treatment facilities be 


the next 5 years? 


Sitive response indicates flan- 
and COnSTEUCT TON CL NeW acre — 
OUuUl@s have “positive cost =MEacr.. 
alleviate the problem so new 
d not be necessary. 


the plant effluscnt in terms of 


organisms? 


ponus 
atment 
Ore, 


effluent is 
le extra => 
reuse and, there 
mcre advantageous. 


a 
e 
id 


municipal or 


discharges en 
the discharge 


Syston, 
gallons? 


O 
c 


= a 
what is 
discharge fees have a fositive 
economics. 


would markedly 
scharge fee? 


future increases in dischar 
positive ere Of CuErse 
(Ref. 17: p. 1870] 
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The third criterion considers the demands that ¢xist 
MOE NoOn-potahle water. These demands are referred +o as 
‘activities.’ In order for a water reuse system to function 
erfectively, there must be places that the generated non- 
fotable water may be used. "In the classic approach, agri- 
cultural or recreaticnal irrigation has been a primary sink 
for reclaimed wastewater." (Ref. 17: p. 1870] The key ques- 
tion in this area is gquesticn 22, "How many acres of lands- 
cape and athletic fields could be irrigated if reclaimed 
Mdeec Were available?" [Ref. 17: p. 1871] 

Institutional aspects, criterion number four, draws 
Geeeomticn to the fact that “legal constraints or negative 
attitudes +cward reuse have stopped programs that were t+ech- 
macaliy feasible and economically justified." [{Ref. 17: p. 
1871] Several of the questions and remarks is this area are: 
Question 36. Is the base free of any long-tern wat 


Beer as € agreements that would prohibi 
ase frcem cutting back on water usage? 


ct 


Remark: Constraints on the ability tc reduce 
water usage are obviously detrimental to reuse 
programs. 


Question 38. Is wastewater reuse occuring now or ~being 
planned in surrounding communities? 


Remark: Reuse in surrounding areas Feces Of 
legal pressures. and a favorable Llegal/ 
institutional climate for reuse. 


Question 40. Is sher¢ a potential large civilian water user 
near the base (1.¢., golf courss, power plant, 
agriculturs)? 


Remark: Large civillan water users near the 
bas¢ can. offér a sirk for reclaimed water if 
+he quality is sufficient and the economics of 
transport are feasible. 


Question 41. Do se base personnel feel that the effluenc is 
a high gualizy source being wasted? 
Remark: The attitude of key personnel towards 


wastewater reuse iS a prime facter_ in «the 
success cf a program. [Ref. 17: p. 18717] 
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Climate, the fifth criterion, deals with VEL ges 20n 
as a primary sink for reclaimed water. Since the value of 
water fcr irrigation purposes is dependent upor climatic 
Gonditions, 
the bases located in arid or semi-arid areas have a 
Substantial advantage over installations located in areas 
See negu.~rainfall,. Furthermore, bases that are located in 
Sémi-atid or arid regions also are potential candidates 
for severe potable water shortages, thereby increasing the 
1nterest in reduction of Otal raw Water demand. 
(Ref. 173 pe. 1872] 
Iwo guestions aim at obtaining the basic preliminary 
informaticn needed tc make a decision about the clinate. 
Question 42. What is the average yearly rainZall on the base 
in inches/year? 
Remark: reas with low rainfall are rated mere 
positive for reuse. 

Question 43. What is the average yearly evaporation on the 
bas¢ in inches/year? 
Remark: Aceas with high ¢vaporative loss are 
apt to have a higher. deman for reéeclained 
Water. {Ref. 173 ps 1872] 

The Tier I model was applied to three Army installa- 
momecs Fert Ord m=California; Fort Jackson, South Carolina; 
and Anniston Army Defot in Anniston, Alabama {Ref. 17: pp. 
1872 ~ 1873]. The study indicated that Fort Ord ranked the 


highest fcr water retse potential of these three. 


6. JU. S. Army Reuse Model--Tier If 





Tier II is a model used to evaluate those installa- 
tions that scored well in the Tier I phase. It is estimacted 
that Tier II would requir2 10 to 15 man days {Ref. 17: p. 
1873 j}, performing a variety of tasks, including: base inves- 
tigaticn composed of interviews of key personnei, treccrd 
evaluation, current treatment works, cost of water procure- 
ment and ¢+reatment; the implementation of the Tier II model; 
and the decision as whether or not to proceed with a Tier 
III evaluation { Ref. 17: p. 1873]. 
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The Tier II model is made up of four distinc: 
secticns that progress from one to the next. "The four 
sections of evaluaticn in their order of evaluation include: 
activities, spatial relationships, conceptual reuse systems, 
and econcfics." {[Ref. 17: p. 1873] The activity section 
would include a listing of all activities that might be 
included in the reuse system; whersas, the Spatial relaticn- 
Ship section would censider each of those activities and 
their distance from each other and the source of the 
reclaimed water, with the purpose of eliminating the ones 
that are toc far removed from the main systen. 

The most impcrtant part of the Tier II evaluation is 
the third s¢ction. "Conceptual reuse networks are laid ouc 
for eventual cost-comparison and <treatment requirements ars 
feaccssced, Including the upgrading of existing facilities." 
{Ref. 17: p. 1874] These are then subjected to a ccst 
analysis which is used for ccmparative purposes as te its 
"“YValidity and potential for the installation ccncerned in 
terms of its water reclamation reuse potential." fRef. 17: 
pe. 1874] 


Mois three-tiered approach PLOVides )\ aq =e gical, 


tA 


ystematic way to analyze the potential for water reuse. 


Empertant outputs of the modsl are the quantity and 
m@m@atiacy Of the Supply Water required by cach activity 

quanic and quality of wastewater generated ry 2ac 

aCCUVLTY, treatment required, Sstotage requirémen<s 

results cf blending various wastewaters and/or fres 

water, Dipeline transport, and estimated system ccests. 
{Ref. 173 pe. 1874 


Ey combining thes? outputs in a comparative 
analysis, Army installations that require water for irriga- 
tion béccme "primary candidetes for comprehensive water 
reuse and conservation analysis. These installations 
include those in areas of FEelow average rainfall" [Ref. 17: 
Peevo7v> ), ©: the installatiors with possible restrictions on 


fresh water flows due to drought or supply reductions. 
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Ihe analysis indicates that "wastewater reuse and 
conservation can provide a cost savings over fresh water 
usage at liccations with extensive irrigation or industrial 
demands, potential water supply programs or high discharge 
fees." mhecE. 173 Bic 1875] The three-tiered approach 
provides a way to get a handle on the potential reuse capa- 
Berteies Of vazticus installations. 


Heretofore, the emphasis has been on water reuse in 
base-wide terms; the used water from selected base activi- 
ties 15 treated and reused in irrigation or industrial 
settings. This could be considered the macro-use concept of 
water reuse. 

There is alse a micro-use s3nseée, in that water 


SeorbeCted from individual units can be recycled thztcugh 


those units for uses that require non-potable water. This 
would require two different plumbing systems, Cn @f0r 
potarle, the other for the non-pctable water. TDureag che 


iito-7? GrOugnRt [in California], a double water system of 
sorts was used by scme water consumers ia Marin County who 
disccnnected their kitchen drainpipes and collected dish- 
Washing water to water their plants orto flush <«heir 
feomets."” f[Ref. 8: p. 36] This type of water, referred to 
as graywater? can be fcund being used today to water plants 
in mary ccuntries where the water supply 1s restricted, such 
as in Bermuda and in developing third world ccuntries. 
A normal plumbing system takes the water from various 
SipetotoetOlad dirty water line and then, in the city, to 
the sewer or, in the country to a sé@ptic line. Kitchen 
water used for rinsing a4 head of lettuce or waShing dishes 
is not frolluted in the same way as water that comes out of 
the toilet. Even shower water can be treated with a chen- 
ical and reused, atleast for maybe a second shot through 


the toilet. So oe ha Ve Tomeenink apou. . doubling Veur 
plumbing lines. ak2 the water from the sink and shower 


=e_-—e —ap SP =P ee See ee Se Se eee eee «Se oe 


Meceearrendix for definition. 
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drains and keep memanea Collection tanks The to 
always, gces straight to the sewer. (Ref. 8: Ds 

Graywater recycling provides one way to cut dcwn 
potable water usage in areas where it is not really needed 
to accomplish the task at hand. Lt 2S Gee “Some tn 1g, 
however, that can te used immediately since the health 
authorities are not convinced that it would be safe [Ref. 8: 
p. 36]. 


De. CISTEENS 


A cistern is merely a basin of some sort for capturing 
rainfall on a local scale. All water used is, of course, 
captured rainwater. Whether cur water is from alake, a 
stream, or an artesian well,® it was all rainwater or snow 
ence. The water that is used in homes is water that has 
been captured elsewhere, stored, treated for pollutants, and 
delivered. 

The family cistern was commonplace in the Midwest and 
West before World War IIT and was usually a barrel placed 
under the dewnspout to catch the rainwater as i:t came off 
the roof [Ref. 8: p. 5]. "Cisterns were a standard feature 
Seeeyues about every California mining town (including San 
Franciscce) and are a major part of the water system in the 
Cariktean, Kerea, Japan, and the State of Israel." (Ref. 8: 
Bee 51] A cistern can be anything from a simple barrel to a 
new 5,000 gallon redwood tank to a 2500 year old basin 


carved into soft rock in the Negev Desert [Ref. 8: p. 5}. 


®See appendix for definition. 
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1. The 1975-1977 Drought 


California was made painfully aware of the nseda for 
alternative sources of water by the 1975-1977 drought. 
After the drought, ways were scught "to augment a public 
water system that could not meet even normal demand during 
pericds of low supply. Rainwater collection systems that 
Can Capture and store precipitation have been considered as 
Moy FOssible source of [an] alternative water supply." 
msef. 18: p. 1] 


Studtes, such as [Ref. 18], ar2 providing data about 
usage, ccsts, and che “viability of  cisSteen predgeatic was 
G@alifcrnia, especially as consideration is given to the 
possibility cf problems in the future. 


If population or water demand increases at a faster rate 
than increases in water supply, required reductions in the 
W5e Cr POwtable water fco= irrigation purposes can be fore- 
seen. Eve anmnermal i vaantall earS it may not be 
possible to mest the entire household demand from public 
sources and in ee ee cs severe shortages may develop, as 
eweecemcea by the 1975-77 drought... =. Itis not incon- 
ceivable that ail cutside uses of water may someday ccme 
from delivered recycled water, thereby relsasing limited 
potable suppliscs fcr more critical, domestic uses. Ties 
precisely this pattern of reasoning that leads to the 
consideration of rainwater collection systems as means of 
oe public water supply in the hone. (Ret. 18:0. 


2. Catchments 


ns aa Coe Ga 


A rainwater collection system is quite basic. De 


could be built fcr a private residence and would require a 


L . 


em@ecace Which collects rainfall (catchment), channels if 
(gusters and dewnsfeuts), and stores it (tanks ard cist- 
erns). In additicn, some form of pumping system [wceuld] 
be necessary if water is not stored above the point cf use 
ere, feqgubyigzavity, Or if it must be distributed to remote 


Sites. If rainwater is used for human consumption, a 
filtraticn or purification system may be needed, which 
Gould range in complexit from a simple screen or sand 


fPedtes te ‘one of the modern chemical treatment systems. 
meas GO: p. 7 | 
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A catchment area can also be developed by using che 
hatural ccntours of the land to funnel the water to where it 
is needed. This system was highly developed by the Incas of 
South America. 

The Inca Empire created a Sophisticated catchment system 
undéergrcund to collect rainwater coming off the mountains 

a system only eee penod rediscovered tow. They terrace 

the hildis to slow dcwn the water flow, giving the water a 
Chance to percclatée into the underground drainage area, 
where 1t wes gravity-fed to the fields. [Ref. 8: p. 7] 

Ancther source of a catchment arsa are the surfaces 
that are constructed of impermeable materials, such as roofs 
eae streets, that, if properly guttered, could capture rain- 
eal) . Rcofs are idsal for small systems as explained in 
PReE. 8: p. 8]. Also, patios and driveways could previde 
the surfaces needed to catch the rainwater and guide it to 
stotage are¢as. Cisterns should be located as close as 
possible to the supply and demand points, to reduce costs of 
Material as well as tec reduce any pumping costs. 


(n 


3h Bibs. £2. Cactlon 


tages 





Depending on the ultimate use of the water from the 
Gistern, tkere are stages of purification that the water 
must pass through to fe crinkable. Rainwater is basically 
lean, but “ats interaction with environmental catchment 
Brtaces limits its use as drinking or food crop irrigation 
Meee re' fRet. 8: p. 4] Roofs can be “polluted by bird drop- 
Pings, decaying vegetable matter, air polution and in seme 
cases, substances used in the construction of the rcof 
meseif, “a@eachates like lead or tar." [Ref. 8: p. 9] the 
purificaticn process applied to this captured water involves 
four sequential stages: screening, settling, filtering, and 


sterilizing [Ref. 8: pe. 9]. 


36 





The first stage is merely filtering out *he larger 


particlss and debris, rae leaves, feathers, ECGKS, 
Eranches, via increasingly finer guage screens. The filters 
mus= ke cleaned occasionally. This is very often as far as 


Many cistern systems go in preparing the rainwater for 
landscape irrigation use 


The second stage, Seren gy "removes the gress 
turbidity (cloudiness) of the water and aids in the reduc- 
tion cf Eacteria." [Ref. 8: p. 9] Water should ke allowed 


Semsttein the cistern for a while before it is used so that 
any suspended particles can sink to the botton. 

Stage three, filtration, calls for "percolating the 
Water thrcugh a filtering medium with the help of sither 
gravity or fressure." [{Ref. 8: p. 11] The filtering mediun 
Gamce Sand, a mixed collection of wood chips, stones, and 
Saiayea GEramc, or a solar still type filter. 

oe f£OuUrth Stage 1s disinfection or sterilization. 
Miates Cahn be sterilized by boiiing or disinfected by the 
Mime reu CE bactericidal chesicals such as chicrine or 
moedine.’ ff Ref. 8: p. 11] 

AS the water purification level required bécomes 
higher, the cost gces up accordingly. Bue. Che Eatin wa cer 
collected and purified az the lowest level would still be 
@tean encugh for toilet flushing and landscape irrigaticn. 
imebe are gclf courses in Orange County and Monterey Ccurnty 
that are currently being irrigated with treated sewage 
instead cf potable water (Ref. 8: p. 11}. 


Hs The Volume of Water Collectad 


Réeinwater collection systems can be influenced by 
memo specific factors that determine the patticular system's 


effectiveness. 


Prue ameunt of rainfall and its annual distribution alcng 
with tke volume demand and its annual distribution are the 
@mputs and outputs of the systen. the ro0es O51 coLleceion 
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eeee Gctermines the amount or volume of water tha* the 
System can provide. The storage volume will determine how 
much water is captured and how much water is lost to spii- 
lage. In any given area where the rainfall charact¢tis- 
tics will be trelatively constant, the comparative analysis 
of system perfcrmance can be reduced to the examination of 


the erfects of var aad collection area, storage volume and 
Seasonal demand. Ref. 18: p. 


The volume of water that can be collected from the 

roof is proportional to the surface area of the rcof. A 

BOOt With twice the surface area of another will collect 

the water. Cistern capacity is a volume measurement, 

with the amount of water in the cistern determined by the 

amount of the surface area feeding into the cistern and the 
Geinfall depth. 


If for any general 


reof area a tank is provided whese 
volume is equal to the ¢ 


otal volume of rain shed from the 


collecting area 100% of that volume can be cantured and 
stored. If the cistern volume is less than the runoff 
volume, losses to spillage will occur. Cistern size can 


then ke described as beifig some Boe ca cade Of. (ie mailer 
saancalil. ALSO» 1% Should be noted hat the. mnaximun 
eommime CL runctrt per year from any roof= is equal to the 
52 FS cf amnual rainfall times the roof aréa. fRef. 18: 


p. 

Tke design cfa rainwater collection system is a 
function cf the demand for water. Lazge enough collection 
areas and cisterns would need to be provided to meet part or 
all of the specified demand that occurs during the year. 

The main factor behind the need for this analysis of 
mieeectcntial for stcred rainwater is the reliability cf the 
public supply of water. "Even an occasional failure to 
deliver adequate quantities of water can cause massive 
losses in landscare investment." [Ref. 18: pe 250) 
Gollecticn systems can reduce "a customer's absolute depen- 
feWeco Cn Munrscipal supply and in the event of partial water 
Tationing, provide insurance for the landscape investment." 
mae. 18: p. 25] 
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Determining the proper size of the cistern to meet 
the predicted demand is 


largely a@ questicn of CeLrvectly anticipating ftucure 
events. if ia ei reliable public water supply is 
Rees ace levels cf cistern tfainwater use would be 


anticifa ee ee INeOrr pt one on the watereodp ply ior van 
On~-gcing rationing flan is foreseen Cheapo lweabilacy oO 
ea collecticn is greatly enhanced. {Ref. 18: p. 


There are two ways of approaching cistern use. They 
can be made a part of the individual dwelling and, thus, 
spp y wate= only te chat unit, much like the graywater 
systems discussed eéarlier. Or they can be built as 
community-wide installations, CoOlleecteng Tainwater . s2re0m 
common areas and distributing it to benefit che community as 
a wnocle. In ccensidering these larger scale institutional 
rainwater collection systems, the SUprihary op jeet. ve 2s 
again tc develop relationships between the collection area, 
tank size and system reliability" [Ref. 18: p. 30] so that 
the applicability of this approach to water conservation at 
the Presidio may be determined. 

A pilot study was done in { Ref. 18] using Pacific 
Grove Hich School +o examine thea 

moore ny OF Collecting and storing rainwater runoff for 
ireigational uses. The basis of analysis was the same as 
mien Used In ij we residential study; the roof collection 
areas were assumed to be impervious, no significant evafo- 
Bore onmeccucs from the covered cistere, and the rainfall 
reccrd ¢stablished at Porest Lake 1S representative of the 


precipa=icn pattern SO OSE Se at the pilot preject 
2 


Lteé. Mus, all water fa ng on she collection areas is 
least son usable for irtigation purposés. 


Ref. 18 Dp. 


I in 


Extensive study of the ovossible contaminaticn of 
Cainwater runoff was conducted by the Monterey County Health 
Department, which shcwed that "rooftop runoff, whether from 
pmcterag tc reef Or a tar and gravel rceof as found at Pacific 
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Grove High School wculd probably not require treatment for 
use as irrigation water." [Ref. 18: p. 31] 

The schocl was evaluated to have a total reof aréa 
of 50,000 square feet (Ref. 18: op. 33, “vier a ter ahd 
gravel ccmpoesition. The runoff would be gathered by 
diverting the downspouts into lateral collection fires 
leading via gravity feed to two storage «anks of 50,000 and 
300,000 gallon capacity. "The irrigation areas for Pacific 
Grove High School were determined to be about 400,000 square 
poo." fReft. 18: p. 35] 

Using available figures for the average annual rain- 
fall, it was calculated that if 100 percent of the nean 
annual rainfall is collected and stored from the 50,000 
sguare feet of collection area, then 539,495 gallons of 
Tainwater can be stored annually [Ref. 18: p. 37}. Even 
this tctal amount of water would not go very far in itri- 
Sacing tke fields at the school. 

The total irrigation area for the Pacific Grove High 
Schcol is about 4C€0,000 square feet includin ihe Love. 


and Girls' Athletic Fields and the Football Field. 
Irrigaticn to a depth of 10 inches annually would require 


gooue 2,500,000 “gallons. The largest feasible tank for 
mae Pacific Grove Hig School would Teblgate OnLy 
wer, 4so72,200,000 = 22 percent of the total aréa. Ever 
the Boys! Athletic Field, at 182,000 square feet, would 
reguire 1,135,000 gallons annually. The largest. feasible 
tank weuld irtigaté abcut 44 percent of the field. The 
momouCmecallion cank would irrigate 12 percent of the Boys’ 
Achletié Field while the 30 nUC Ueda aone-enm Would g751— 
gate 32 percent of the same area, fo aswouveOus tha: the 
proposed 50,000 square foot rainwater collection systen 
can meet only part of the total irrigation demand at 
Pacific Grove High School. [Ref. 18: p. 

Even considering the restrictions as noted above, 
there exists the possibility cf creative out-of-doors use of 
Captured rainwater as Selfridge indicates in th2 conclusion 
Ge the study: 


oi ea ee watering of landscape areas not equipped with 
irrigation systems might conceivably be done with rain- 
poeere collected off of fsic# governamenc buildings and 


trucked to the use point. Construction site watering 
could also be done with collected rainwater. . Tennis 
EGQuUrtS Gould be was hed with stored Bainwater. 
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Agricultural enterprise migbt use barn runoff to auamenst 
he asat=Cnesupctlies. Golf courses, large users of ptblic 
Meacckt £Or irrigation, could benefic from partial use of 
collected rainwater. Rainwater collection should also be 
attractive for commercial greenhouse use as larger runoff 
areas are availarkle and near constant_annual demand 
improves the system yield. (Ref. 18: p. 47} 


E. FLOW REDUCTION METHODS 


Table I shows that approximately 64 gallons of water are 
used fer capita per day (gpcd) in residential buildings. 
Most cf that water is used in the bathroom, with a typical 
home using about 40 percent for toilet flushing and 30 
percent for showers cr baths. Another 15 percent is used to 
do the laundry and 5 percent each for sink use, dishwasher 
eva f¢cd preparation. 

Fron these figures, it can be seen that efferts to 
improve the efficiency of water us@ within the home need toe 
concentrate on the water used for the toilet, the shewer and 
bath, and fcr appliances. 

Use of mere water-efficient plumbing fixtures, devices, 
Mimederbeances 15 Ccne of the meSt practical and effective 
WaVYS tO Conserve water. ieee se acculre On | Water 
Bevang devtces 2S one attractive characteristic; with a 
more *fficient faucet, shower, or toilet th2 water user 


can be _ savin Water without even thinking about it. 
Fmet. 9: p. } 


1. Icitets 


The largest water-using item in the house is the 
pOlLet. The conventional tank toilet requires five to six 
gallcns per flush, with "quiet" models requiring as much as 
hine gallcns per flush {Ref. 19: ere ee A recent study 
(Ref. 20: op. 5-3] has found that the "weighted average 
number cf tcilet flushings per person per day was 4.3" which 


accounts for the 25 gallons indicated in Table I. 
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There are many types of toilets available cn the 
Market including some exotic systems that use little cr no 
Meatet, such aS oil flush, composting, incinerator, or vacuun 
types. These are often "not recognized in the codes due tc 
their recent development and to uncertainities as potential 
health hazards." (Ref. 19: p. 74] They are also very 2xpén- 
Sive when ccmpared tc conventional systems. 

For these reasors, the conventional systems are the 
most promising, ¢spécially the water saving tank trap known 
as the "sktallow trap". This toilet uses about 3.5 gallcns 
per flush resulting in an approximate 1.5 gallon per flush 
Saving, cr about 7.3 gallcns per capita per day [{Ref. 20: 
Bao |. This type cf toilet has a smaller tank and a modi- 


meea design for the towl itself. 


The flushing rim ard priming jet have been designed 110 
Stare the Siphonic action in asmaller diameter trapway 
with less water than conventional fixtures. The shallow 
trap means that less water is retained in the bowl, whic 

Die ecUtLn weans there is less inercia for the siphonic 
ectlom =O Overcome. ee le Ce socmOemmca  Shatlcw € rap 
get. 192° GCOMuartables =O xhat = Of a Conventional mcdel. 

ef. 3s pe. 


The shower is also a prime contender for water use 
meaducticn. 
Seuvegsienel chower heads are usally used at water 
@eliavery sates of arpproximately 5 to 6 gallons per minute. 
Maximum flow rates sometimes exceed 12 gallons per minute. 
Severai different types of low flow shower heads are avai- 
lable which reduce the maximum possible flow rate *o 
between 0.5 and 4.5 gallons per minute, th¢ average_being 
apprceximately 2.5 galions per minute. [{ Ref. 19: ps 71] 
Mest low tlow shower heads incorporate both a flow 
restrictor and aerator to cut down water use. Some are 
equipped with a cutcff valve that allows the water to be 
shut off without affecting the hot/cold water mix while 


Seavpeng {Ref.e19: p. 72}. The average shower duration is 
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4.6 minutes (Ref. 20: p. 5-6]. Therefore, the average water 
savings is approximately 12 gallons per person per day, or a 
more than 50 percent reduction in usage. 

Using redesigned faucets can provide savings in 
water used, also. Conventional domestic faucets providé a 
"maximum discharge of 4 to 5 gallons per minute. Low flow 
faucets deliver a maximum flow of 0.5 to 2.5 gallons per 
Minute depending on the flew control type and specific 
design." [Ref. 19: p. 72] This would reduce by up te a half 
the amount of water used in the categories £ lavateryysink 


and cullinary in Table I. 


3. Appliances 


Water use reduction is also possible in two major 
appliances that are heavy water users--the clothes washer 
and the dishwasher. Conventional full-sized clothes washers 
use kFetween 40 and 50 gallons of water for a full washer 
load {8ef. 19: p. 74j, and "most nanufacturers now previde 
models that are deésigned with water savings in mind." 
fRef. 19: p. 74] The study done in [ Ref. 19] indicates that 
new water and energy conserving washing machines would save 
4,400 galicns annually per household. VMideaworkKs “Out Go 
about 3.2 gallons per capita per day savings. 

Cishwashers are used at an average of once every 
cther day [{Ref. 20: p. 5-5j. Conventional machines use from 
c 18 gallons per full cycle. Low water use machines use 

low as 7 gallens per full cycle [Ref. 19: pw 74}. That 
difference works out to about 1 gallon per capita per day 
Ss 


with the low water use dishwasher. 
4. Pressure Reducing Valves 


The last internal method of reducing water use to be 
considered is the pressure reducing valve. Although 
{Ref. 19] presents this as a very real water-saver, 


[Ref. 20} has questicns about the viability of-this method. 
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Results ccllected te date indicate that water pressure has 
much less of an influence on water than pr¢vicusly 
believed. Findings in Denver, Colorado, and Los Angles, 
California, indicate that a 38 to 40 psi raduction results 
in cnly 4 to 5 percent reduction in water use. .. . New 
subdivisions could be designed for lower water pressure, 
instead of the usual 80 psi, resulting in a 4 to percent 
decrease in water ccnsumption. [Ref.° 20: p. 6-15] 


If that figure were applied to the total per capita 
inside use of water from Table I, thers would be an approxi- 


mate savings of 3.2 gallons per capita per day. 


Demecoubpse Counting Probiscm 





When measuring the Savings fron conservation 
efforts, there is scme concern about double counting. The 
total savings cannot be just the sum of all the individual 
water conservation measures "because some of the practices 
affect ccnsumer respcnse in the same way." [Ref. 11: p. 93] 
This can be especially true when pressure reducing vaives 
are uséd, since 

<=he pressure reducer and the faucet or shower device save 
water by reducing the flow tate; thus the savings they 
preduce in combination is somewhat less than the sum of 
eue2r Individual savings. Precise measurements of ths 


combined effect of thesé devices do not exist in a gener- 
Beeyedpplecabie form. [Reft. 19: p. 87 


Fo METERING 


The installation cf "water meters is designed to sé¢nsi- 
tize custcmers +o water use and water price." (Ref. 193: p. 
29] This particular method is examined here to identify that 
in the civilian community, th2 moving from a flat-rat? to a 
usag¢e rate causes the amount of water consumed to decrease. 

Flack, in {Ref. 11: p. 89], indicates that "metering 
should reduce usag?2 somewhat," mostly in terms of irriga- 
“plyops a The study done in the Denver, Colorado, area in 


fReft. 20: pe. 1-2], indicates that "metered households used 
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15 percent less water than unmetered households." opie 
figure is scmewhat less than Flack, [Ref. 11: p. 89}, who 
found a reduction of 21 percent in total demand. When 
applied to the tctal cf 189 gallcecns per capita per day found 
in Table I, between 28 4nd 40 gallons per capita per day 
could b¢ saved. Of course, this might be a moot point ina 
military ccmmunity since utilities are not paid fer by the 
individual user. However, it could be an "effective 
conscicusness-raising measure which [could] enhance [the] 
effectiveness of other flow reduction measures." [Ref. 19: 
pe 30] 


Ge. DROUGHT-RESISTANT VEGETATION 


As nected in Table I, 66 percent of the water used each 
day is used outside the home, for yard and plant irrigation, 
car washing, etc. Anything that would reduce that consump- 
tion could have a significant impact on the total amount of 
water used. Water reuse and cistern installation have 
already been suggested as pessible ways of reducing the 
quanity cf fresh water used outside the home. One dévice 
considered above, the pressure reducing valve, Eeuld aise 
have an impact on the amount cf water demanded. 

One cther way that would decrease the amount of water 
needed would be to use drcught-resistant plants. These are 
plants and trees that are able to take long periods without 
much water. The ultimate example would be th2 desert cactus 
that might have to store water within its¢lf for menths 
between rainfalls. 

There are three types of drought-tolerant plants identi- 
fied in [Ref. 21: pp. 2-4]. The first includes most lands- 
cape plants. They are called “water spenders." They have 
Nextensive root systems andas long as some of their rocts 


are in mcist soil they can survive drought; but they still 
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use relatively large amounts of water. Examples are euca- 
meeus and Elack walnut trees." [Ref. 21: p. 3] 

A second type, "drought-evaders", beccme "virtually 
dormant during dry periods. Examples are California buckeye 
and bermudagrass." (Ref. 21: op. 3] The third type are 
called "water conservers" and they have ways +o reduce water 
loss. 


Their leaves way be small, gray-colored, Ilsathery, and 
arranged to reduce the amount of sunlight that strikes 


them or structured in other ways to save water. Many 
Califozrria native plants and plants from similar climates 
SaemiGe ches type. Examples are ceanothus, manzanita, and 
Cupesvere  { Ref. 21: p. 2] 
The "dicught evaders" and the "water conservers", un der 
normal circumstances, use somewhat less water that cther 
Events. When in a drought, they can survive on far léss 


Prete, Zi: p. 2 i. 


H. PUBLIC EDUCATION 


The preceeding sections have ali dealt with structural 
methcds cf reducing water usé. Phe somes Soci o=political 
methced referred to in the introduction is that of public 
SG@eeticn, =he LTaising of the issue of water conservaticn in 
mae public Torun. 

In order for these programs mentioned above to work, ‘the 
public must be informed about the overall problem cf water 
use and then be educated about ways they can help in prcegtam 
implementation; it is especially necessary to "achieve habit 


emeaaes." Ref. 19: p. 31} A smail amount of conservation 
Seeemtecan offen result in Significant savings. "By modi- 
fying crdinary behavior, large volumes of water can be 


conserved. .. . Examples include not létting the water run 
Warde brushing one's teeth or while shaving; “turnang off the 
shower while lathering up." (Ref. 13: p. 403] 
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There are four general categories of a public imforma- 
Brom Campaign found in [Ref. 19: p.~ 35}. Moms 1S direc. 
mailing cf informaticn packets to the consumers. Second is 
news media coverage cf the general problem of water conser- 


vaticn and of the specific projects being done so that 


support Will be generated for those projects. igetnets > 
personal ccntacit, includes pubiic meetings and guest 
speakers at local clubs and schools. And fourth, special 


events and/fcr exhibits, i.e., displays at central areas or 
schools, cculd be planned. 
Education via these approaches can 
prceduce a conservaticn consciousness as a continuing means 
of demend reduction. . ... Emergency paov ens develcped in 
Maeve commun cies in Calatornia during the 1976-7 drought 
are no longer in effect, but have given way to an ongoing 
conséervaticn progran. Education to be most effective 
should Fe geared tc the elementary and secondary school 
tevel=-2t» is ees eee much less etfective for long-tern 
Bemert2os at the adult level. (Ref. 22: pe. 232] 
Expected water savings from public e¢ducazion is difficult to 
determine, although {Ref. 19: p. 31j indicates that “esti- 
mated water savings of 5 to 10 percent” may be achieved. In 
the final analysis hcwever, it is hard to differentiate «he 
effects that educaticn and information would have from the 


Sewer emetrecd= of water conservation. 


I. SUMMABY 


This chapter has been a review of six techniques of 
water ccnservation--reclamation and reuse, rainwater 
Capture, flow reducticn devices, metering, drought-resistant 
yvegetaticn, and public education. These were evaluated on 
the basis cf the amount of water that ¢ach could conserve as 
well as the specific way tc apply each technique. This 
Chapter lays the foundation for ‘the consideration of each 
technique fcr the Presidio cf Monterey in the next chapter. 
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III. SPECIFIC CONSERVATION TECHNIQUES 


A. INTRCDOCTION 


This chapter addresses the hypotheses stated in Chap<er 
One. The water usage for the military installations on ths 
Monterey Peninsula is compared to that of the civilian 
community +o determine the accuracy of Hypothesis One. 
Before che second hyrethesis is examined, the water cests, 
projected to the ccmpletion date of the bazracks at the 
Presidio cf Monterey in 1985, are determined. It is this 
cost that is used fer cost/benefit analysis later in the 
chapter. 

The impact on water conservation of sewage being billed 
to tne Presidio of Mentéerey at a fixed monthly fee is also 
examined. MReePresid1O CEP hontemey's current Level of 
consérvation is outlined as well as the current baseline 
water usage. 

An examination cf the conservation methods proposed in 
Chapter Two is made and applied to th2 specific situacicn of 
the Presidio of Monterey. In this way, Hypothesis Two is 
evaluated. 

Finally, this chapter concludes with a descripticn of 
how the results of the research could be applied by cther 


DOD installations. 


B. WATER CCNSUMPTION IN MONTEREY COUNTY 


Hypothesis One was: “water conservation on military 
Meatalijaticns 1S preportionally higher than consumption in 
civilian communities." Table II shows tne data ccllected 
from the military installations in the Monterey area and 
Gampares tt > the total consumption ir Nonterey Ccunty and 
moelacile L. 
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TABLE II 
Water Use Ccmparison in Gallons per Capita per Day 


| | 
: | 
| | 
| Location Eee 5 ees 82 | Bie Coeeesource | 
| 

{ Ewe Ord 1:55 MP WMD | 
| Presidio 82 72 89 Brown & caldwell 
| La Mesa 131 118 Sy PWD, NPS : 
Urrkan Monterey 159 MP WMD | 

| County | 
| Tabie I (no year): In House 64 | 
| Outside LiAe | 
| Total 189 | 
| | 
| | 


| 
| 
| 
| 
| 
| 
| 


Table I in Chapter Two was based on data obtained in a 
Seu@gye ot Lenver, Cclorado {Ref. 11]. In comparing those 
water usage amounts to the ones obtained on the Monterey 
Fenansula, thers is a significant difference. All cf the 
Monterey usages in gallons per capita per day (gpcd) aré at 
least 30 gpced less than the Denver amounts. The La Mesa 
housing area usage is 81 gpcd less and che Presidic's usags 
wammpeiiedeca loss, using the data for 19982. 

Several factors may account for this significant spread. 
One is tnat there is a difference in annuai rainfall between 
Denver and Menterey. The average annual rainfall in Denver 
is 14.6 inches [Ref. 23], whereas, the average rainfall in 
Monterey is between 16 and 20 inches annually [Ref. 8: pp. 
18-19]. The heavier precipitation on the Monterey Peninsula 
méans that less water is needed fer outside use, and so léss 
water is ccnsumed per capita. A thirty gallon per capita 
per day difference would not be unlikely considering not 
cnly the rainfall differential but also the cooler climates 


and water-carrying fog that Monterey has during its spring 


ug 





and early summer. Water use amounts per capita vary consid- 
Seabiy, trcmea low cf about 20 gped to 190 gped, as indi- 
Saced Im the "litsratwure review in (Ref. 12: p. 210], who 
considers 13 sources. SO, 2 Verie: Wen Of Vnirty gpcd is 
certainly within the range of water usage from studies 
Paccughout the United States. 

The lew consumpticn figure for the La Mesa housing area 
could be explained ky reference to the transient nature of 
the occupants who are not in cresidence long eA4nough to 
develcp extensive water-using gardens. Also, there are no 
large grassy, obark-like common areas that require watering. 
The criy cutside watering done is arcund each home as the 
secupan=. feels sc inclined. 

The Presidio of ¥Ecnterey has the lowest per capita usage 
of the four areas investigated for 1982. Several reasons 
could exist for this lcw amount. One is «hat there ara only 
Poecemriy housing units on post, with most of the 2,900 
Pesidents living in barracks. Personnel whe live in 
barracks do not water yards nor uss water as freely for food 
preparation, dish washing, or taths, Since showers use less 
water and are the normal mode of bathing in barracks. 

The toilets used in barracks and classrocms are of she 
efficient flush valve type that use only 3 to 4 gallecns of 
Sieefbeper £iush, compared to 5 to 6 galicns with ea conven- 
mronal tank toilet { Ref. 19: p. 73]. Laundry water use may 
also ke lower since it can be done off post and unifcerms are 
Usually dcne at a commercial laundry. Also, there aré no 
large ccmmon areas, such as golf courses, that would require 
latg@ amcunts cf water. Although the water usage is lew at 
the Presidio of Monterey, there are mitigating factors that 
eoied acecint for the difference. 

Considering the above data, Hypothesis One, that "water 
Souewiwctcnh On Rilitary installations is proportionally 


heques sbae COnSUumption in civilian communities," must be 
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memceu2d, Since in all three military installations examined 
for water usage, each one was below the daily per capita 
rate fcr urkan Mcnterey County. Aithough this was a small 
sample, it was compesed of all three major military instal- 
laticns cn the Monterey Peninsula and it was compared «+o the 
usage for urkan Monterey County. 

Since tke study concerns the Presidio of Monterey and 
the pessibility of water conservation on that facility, «the 
usé cf military installations i the Monterey area only 
allows a ccmparison within that locale. Therefore, for the 
Monterey are and the military installations on the 
Peninsula, Hypothesis One must be rejected. 

Hewever ,we in terms of all military installatiors and the 
per capita water use, the data collected for this study is 
too small asample tc generalize from and Hypothesis One, 
nationwide, can be neither accepted nor rejected. Eeeis 
perhaps ressible that with a larger sample over wider and 
mor? varied geographic locales, the results could prcve 


different. Further study in this area is warranted. 


C. FROJECTED WATER CCSTS AT THE PRESIDIO OF MONTEREY 


Even though hypothesis one must be rejected, the need to 
BOnSerLve is still tresent, Since the cost of water is 
increasing. Records maintained by the Naval Postgraduate 
Schcecl] shew «ha*= water costs have gone from $0.27 per 100 
cubic feet in 1975 to $1.09 per 100 cubic freet in January, 
1983, a fcur-fcld increase in eight years, and costs 
Soncnaade te grow. 

Hypothesis Two was: "Conservation techniques can be 
siplemented wnich wili result in significant cost savings 
for the United States government through decreased water 
eonsumpcicn." The price increases experienced in the 
Monterey area lead to ‘the SValwee Ou mOc. sti? S | seccna 
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hypothesis. The specific techniques of water conservation 
will Fe developed after an exploration of the cost and popu- 
Haencn projections fcr the Presidio and the presenteticn of 
a baseline water us2 amount. 

Water ccs*s at the Presidio of Monterey were shown +0 
average $0./766 per 100 cubic feet in 1981, $0.864 per 100 
cubic feet in 1982, and $1.146 per 100 cubic feet in 1983 
(Ref. 24]. This amcunts to a 149 percent increase in two 
and cnée half years. The water usage for the Naval 
Postgraduate School and the Presidio of Monterey are 
somewhat different due *o the rate charts used by «the 
California-American Water Company (Cal-Am), the only metered 
water previder cn the Peninsula. Cal-Am has thre¢é zones 
that determine water price. The higher in elevation the 
consumer is, the more he must pay for water, due to pumping 
costs to reach that elevation. The differential cf about 
$0.05 between the Presidio and La Mesa unit cost of water is 
due tc the Presidio being higher in elevation than La Mesa. 

Cal-An has forecast its proposed rates to 1 January 
1985, shcwr in table III. 


; 
| 
: 


TABLE III | 
| Projected Rate Increases of Cal-Am Water Company | 
Base Rate, 1983 $1,154 per 100 cubic feet | 
Increase, 1 Jan 1984 0.045 per 100 cubic feet | 
| Increas¢, 1 Jan 1985 0.027 per 100 cubic feet | 
| : 
| Iwo year increase $0.072 per 100 cubic feet | 
| mecaitson | Jan 1585 $1.226 per 100 cubic feet | 
| (Ref. 28] | 
= _! 
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A repert prepared for the 0. S. Army Corps of Engineers 
concerning the proresed facilities construction a+ the 
Presidio cf Monterey projects the population in 1985 to be 
4,100 effective and 6,200 design [Ref. 25 sp. 279). The 
effective pcrpulation is determined by adding together the 
resident population (actual numbers living on the post) and 
one third of the nonresident population (commuters). The 
resident population is forecast to be 3,600 by 1985, a 
growth of 1,300 from the 2,300 resident population in 1982, 
due te the construction of new barracks. The nonresident 
populaticn in prejected to be 1,400 by 1985, less than «the 
1982 figure of 1,900 due to personnel moving on fos+ as 
housing kéccmes available. 

The design pofulation is defined as the effective base 
MMT. Giza ct the sitective population. ~ for as 
effective cop ee ee oe less than,5,000 people, as is the 
iif ldsduat ccf anordscea {aeesasds 2 activity donandse 
iiet. 25; p. 2-8) 
Maas Beans that the design population is 4,100 X 1.5, or 
oyc00. 

The projected water use and cost can b¢ computed using 
€ither «te effective population or the design population. 
The more useful figure would be the erfective populaticn, 
since that is what the best estimates predict the population 
HemectWally be in 1985. The design population is a useful 
engineering concept, in that it provides the maximum porfula- 
tion that the system should be designed to handl;. 

There are also twe different rates of consumption that 
can be used. First, the historic three-year averag2? for the 
PeeSidio can be used, which is 80 gallons per capita per day 
(gpcd). jecoma, mune “Department of the Amrmy requires what 
Water dis<ributicn systems be developed in conformity with 
design criteria," {Ref. 25: p- Sacowercinds, In technical 
anua 


manuals. Gro mtantiel, TNS-Sis— |" Naeter Supply; Gensrai 
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Consideraticns, states that "water systems shall previde for 
a dcemestic demand tased on an average daily per capita 
consumpticn of 150 gped for «the designe, popwlat tome" 
ree. 25: p. 3-22] 

Using the historic average water use of 80 gpcd for beth 
the effective and design populations, and a conversion 
factcr of 748.4 to convert gallons to units of 100 cubic 
reet, the following quantities are derived: 


EEEeCtive population: 4,100 @ 80 gpca = 328,000 gpd 
328,000 gpd / 748.4 = 
438.3 units of 100 cubic feet 


each per day 


Design population: 6,200 @ 80 gpcd = 496,000 gpd 
496,000 gpd / 748.4 = 
66Z,7 ,UDJ2swof 100 cubic tect 


each per day 


Using the Department of the Army water usage amount of 


150 gpced for the same populations results in the following: 


Eperective populaticn: 4,100 @ 150 gped = 615,000 gpd 
615,000 gpd / 748.4 = 
S2ie SeUunteus. Ore t00 GCublce feet 


each per day 


Design forulation: 6,200 59) § 150 soqped = 930,000 “gpd 
930,000 gpd / 748.4 = 
VezbZe65 Uhlts Of 100 “Gubic 


feet each per day 


Te preject costs, the lowest and the highest use figures 
provide a range, with the most likely amount occuring near 
the lew middle, since there are no factors to suggest that 
the addition of more people will cause the per capita 
consu@pticn to double in just two years. It is likely that 
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in the near-term (twce to three years) the water usage will 
approximate the historic usage, since the new plumbing to be 
installed will not have the leak problems that the clder 
pipes have keen experiencing. [Refias 25: ps 3-2] Leaks 
would, of course, drive up the usage quantities as water is 
Mest iamtc the ground. 

ime range for the cost is: 


Lows 438.3 cubic feet per day X $1.226 = $537.3 per day 
This is £196,120 per year. 


Magh: 1,242.65 cubic feet per day X $1.226 = $1,523 per day 
Pris 2S )3556,100 per yeare. 


These twe computed yearly costs compare to the 1982 ccst 
of water at the Presidio of Monterey of $72,700. That is an 
increase cf from $123,420 to $483,400 per year, which 
equates tc an increase of from 269 percent to 765 percant in 
Water cost in two ye?ars. Even if the lower estimate proves 
more accuate, an increase of that magnitude impli¢s that 
there is a need for water conservation at the Presidio of 


Monterey. 


D. SEWAGE 


Sewage cost, until March 1983, was tied to the amount of 
water chat was demanded from Cal-Am by the Presidic of 
Monterey. The assumption by the billing authority was that 
all water that came in must go out via the sewer; an assump- 
tion that was not necessarily accurate since some water 
never madé it into the sewer, i1.8e., czhat used =o water the 
yard. Fux it did allow for a costing formula based ona 
KnOWn amcunt, water that was put into the system, since 


Sewage is héerd to meter. 
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As of March 1983, the contract covering sewage was rene- 
gotiated, retroactive to 1 September 1981, to institute a 
flat fee for sewage billing. This flat fee is 3152,04C per 
year or $12,670 per month. The sewage is treated at the 
Monvtersy Sewage Treatment Plant, located north of Highway 1 
near the Naval Pestgraduate School. There is an additional 
flat fee of $3,170 per month to the City of Monterey for the 
transportation of the sewage to the treatment plant. Sewage 
costs ars, thus, $15,840 per month, or $190,080 per yar, 
Bempazed to the total sewage cost for FY 1982 of $53,802. 
The FY 1982 total sewage cost will be adjusted upward since 
the ccntract 1s retroactive tc 1 September 1981 { Ref. 24]. 

Since sewage cost is now based on a flat fee, cconserva- 
tion technicues that would reduce inflows of potable water 
would have no impact on the cost of sewage to the Fresidio 
of Monterey. Thus, the savings that could be realized by 
reducticns in sewage amounts will not be included in this 
analysis. It is realized that a major impact conld be made 
ky considéring the amcunt of sewage cost reduction that is 


possikle Ly the conservation techniques outlined earlier. 


E. CURRENT LEVEL OF CONSERVATION AT THE PRESIDIO OF 
MCNTEREY 


Chapter Two presented six techniques *hat cculd be 
emplcyed tec reduce water consumption at the Presidic of 
Monterey. These were graywater reuse, rainwater capture, 
flow reduction methods, water metering, usé of drought- 
resistant plants, and public education. Currently, there is 
no reuse or cisterns employed at the Presidic. There are 
some flcw reduction devices in place, such as flush valve 
dune tS Metering of individual residential units does not 
take place. Much of the vegetation is indigenous and may or 
may not ke of the drought-resistant varieties. Pub aeane 


education akcut water consumption is sporadic. 
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This current situation provides many opportunicies 
the implementation of water conservation techniques at the 
Presidio cf Monterey. 


Fe. BASELINE WATER USE FOR THE PRESIDIO OF MONTEREY 


Before considering the conservation methods presented in 
Chapter Two, i1t is important to outline the data which was 
used for the cost analysis. Table I presents a ktaseline 
water use analysis of Denver, Colorado. These amounts were 
compared with other studies (Ref. 12] and chey were very 
Similar, especially for the inside water use data. The 
outside usage was much more difficult to dstermine. In 
[Ref. 6: p. 776], Milne states that "here are tremendcus 
variations in the value fer outdoor use reported in the 
literature." For this analysis, Table IV showing the water 
use breakdowns for the Presidio of Monterey was used. 


TABLE IV 
Baseline Water Use for the Presidio 


| 
| 
| 
| 
| 
| 
| 
a re 


| 
| 
| 
Pune=2e)) Gallons per Capita per Da 
| or ““presidio- “tapie I= ~~~ 
| ianouoe US 
me ace t 17 25 
| Shewer 16 20 
Lavatory/sSink 3 3 
| Laundry 8 10 
Dishwasher 3 3 
| SUiieuna ty 3 3 
| Total In-House 50 64 
Ourside Usage 39 125 | 
| Tctal Usage 80 189 
ene ee eee ee 


37 











The inside usage is based on the following: toilets are 
fiushed an average of 43 times per person per day [{Ref. 20: 
pe 5-3], with the flush-valve toilet using about 4 gallons 
per flush; showers run an average of 4.6 minutes per person 
per day at approximately 3.4 gpa, { Ref. 20: p. 5-4], 
lavatory/sink usage stays at the samé¢ 3 gpcd, as do the 
dishwasher and cullinary usage of 3 gpcd each, since these 
functions are either done by the individual or on his or her 
behalf in the mess hall, etc.; and the laundry figure would 
Be abdcut & geod, rather than 10 gpcd, to reflect the use of 
off-post laundromats and the use of dry cleaning shops for 
Waitcrm cleaning. 

The 30 gpced for cutside use is determined as the differ- 
ence bketweer the total average uséd of 80 gpcd, which is 
known, and the projected inside amount of 50 gpcd. Some 
water is cbviously used outside, but as indicated earlier it 
does not equal the tctal in Table I for many reasons. 

These modified quantities that apply specifically tc the 
Presidio cf Monterey are used in the cost analysis sections 


Wich follow. 


G. CCNSERVATION MEASURES ON THE PRESIDIO OF MONTEREY 


There are two ways to lmprove water uss at the Presidio 
cf Monter¢sy, 2ither decrease consumption and/or lower cost. 
There can be either an improvement in supply or a reduction 
PoecOnSUmEticn. Hypothesis Two will be evaluated oon the 
basis of these conservation techniques. 


1, Supply Improvement 


Reuse can improve the supply of water by providing 
qraywat¢er where before potable water was necessary. This 
would, in erfect, decrease demand for potable water and 


increase the amcunt available =O other users. 
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Cistern-provided captured rainwater would accomplish th 


() 


same goal by uSing rainwater +o decrease the demard fo 


ty 


potable water. For either or both of these to be effective, 
Mo-frent ccsts for construction of piping systems and 
holding facilities would be necessary. There wculd also 
need to be an analysis of current health regulations with 
the view toward changing or adapting them to allow for reuse 
cr cisterns. Modified public attitudes via educaticn would 
re needed to gain acceptance for the use of neon-potable 
water. Either of these sources of water would best be used 
Sere ibcttgation Or fire protection first, with the pcssi- 
bility cf providing water for flushing at some time in tha 
macuce. 


a. Water Retse 


Water reuse, as discussed in Chapter Twe, isa 
viable way te decrease potable water usage and is currently 
used successfully in Tokyo [Ref. 26]. The major benefit 
comes frem decreased demand for votable water. Mteewe @ ldape 
pessibls te route shower and laundry water into a holding 
@emenarcet 2npxeial filtering of polluzants. Table IV indi- 
cates shower usage of 16 gpcd and laundry usage cf 8 gpcd, 
Which ccpbined yields 24 gpcd for reuse. From the holding 
tank, <he graywater could be used for outside purposes such 
as 1lrrigaticn or car washing. No matter what the graywater 
would be used fcr, the potable water consumption would be 
decreased by the total amount recycled, or by 24 gpcd. 

The new ccnstruction of barracks at the Presidio 
will add 1,232 new residents to the posi. This population 
figure is based on a 528-person barracks béing constructed 
in 1983 and a 704-person barracks to be built in 1984 
iGchem. §25:ape. 2-5,56 j. Therefore, the total daily saving by 
1985 ky using recycled water would be 24 gallons per day 
times 1,232 people, or 29,568 gallons. That eguates to 
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te o2e,52<0 dalions pér year or 14,420,500 cubic feet. Ae 
$1.226 per 100 cubic feet, that would be a yearly savings of 
almost $17,700. 

The total cost of water for the additioznal 
perscnnel in the new barracks amounts to $58,900 per y2ar, 
Mereheas 1,232 people at 80 gpcd for 365 days at $1.226 cer 
100 cubic feet. The savings generated from reuse is, there- 
fore, 30 per cent cf£ the total water cost for the added 
personnel. 

If sewage were included, there would be a reduc- 
tion in the flow of sewage of 24 gpcd, which over a yéar 
would als¢c contribute to the savings generated. However, 
the flat fee for sewage disallows a savings in this way. 

The costs of constructing the reus? system are 
more difficult to determine, Since detailed engineering 
studies are needed to set the parameters of treatment and 
define che physical ccmponents of the system. Nevertheless, 
rough estimates can te determined to aid in the analysis. 

Drs. Asano, in [Ref. 26], discusses the varicus 
reuse techniques currently being used in Tokyo. One of the 
areas studied is an apartment complex with 888 rental units, 
recycling 160 cubic meters per day, or about 42,000 gallens 
Ber aay. The barracks at the Presidic of Monterey will 
generate about 30,000 gallons per day , based on 1, 232 
people at 24 gped. Although the Japanese system is somewhat 
larger, the two outputs are close enough to each: cther +o 
allcw a ceneral comparison. 

The costs used for the Japanese construction 
were in 1978 dollars and included treatment, indoor and 
outdoor dual piping systems, and a storage tank and pump 
system fcr delivery cf the reclaimed water. Table V shows 
the costs for each of these individual systems and the total 
Ses. cL the project. 
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TABLE V 
Reuse Facility Costs--Japan 


Systen Cost 
Wastewater teclama i Cn $403,624 
Hoa@eor piping and facilities Bia, o34 
Gut decor pho cia and facilities 174,038 
Reclaimed water tank and facilities 114,162 
Total on 91973 dollars $7 15.356 
Converted to 1983 dollars $41,031, 700 


(Ref. 26: ps. 172] 


eee? 
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The data fcr conversion to 1983 dollars is ron 
the Maz¢srials and Components PaCOnStauc: }On GOL tne 
Froducers Price Index. The ratio to be applied to convert 
ie7s) dclilars to 1983 dollars is 1.33 (298.6 divided by 
224.4) (Ref. 29: p. 43] and [Ref. 31: p. 4]. heeseeseac © 
Bulticlied times the 1978 dollar total cost results in the 
eenvected total in 1943 dollars. 

This total is only a very gross approximation, 
Since construction ccst differentials between the two coun- 
tries are net considered, eM Oec sOnurileecring/trca cment 
can be altered, and the amount of water to be treated is 
@tterent. The attempt is to consider the general approach 
and the approximate added costs needed to allow the savings 
in potable water cost and consumption. 

One way cf evaluating projects such as this is 
by the payback period, the length of time it takes for the 
cash savirgs to equal the amount paid out to generate those 
savings. In this example, it would take approximately 58 
years for the savings stream of $17,700 per year to equal 
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muemwecos= of $1,031,700. me Consteuetion costs could be cut 
by 50 per cent, it would take 29 years +o payback the 
meme ctial cost. 

The payback period is not a very scphisticated 
technigue since it dees not consider the time value of 
money. Another technique that has more theoretical justifi- 
cation is the present value approach in which the stream of 
savings is discounted to arrive at the present value of that 
flow cver the useful life of the systen. The problem, of 
course, is to determine the discount rate and the length of 
tome eWer which +o arprly the discount. 

Army Regulation (AR) 11-28 states that the 
discount rate specified by OSD [Office of the Secretary of 
Defense] is 10 percenc. AR 11-28 also notes that deci- 
Slons cencerning water resource projects under the juris- 
Me crions ¢k the ~Ccrps of Engineers are specifically 
Phen 39: eee requirement to 06use disccunting. 

There is alsc a discussion in (Ref. 27] about the economic 
life of equipment, pipelines, and structures fcr water 
reuss. The length cf time used was 35 years. Even though 
AR 11-28 exempts water resource projects from disccunting, 
it is a useful tool when considering the cost and benefits 
of a particular project and it will be used in this study 
for comparison curpceses. In this case, Eos 00 Ls 
G@iscounted at ten percent for 35 years, the factor used is 
9.6442, ard the result is $171,000, or $17,700 times 9.6442. 
If che reuse system can be bullt for $171,000 or less, it 
would be economically feasible, since that is the value of 
the flew cf savings cver 35 years. 

There are, however, factors other than Economics 
so be ccnsidered. As the price of water increases, the 
savings generated by a reuse system also increases, making 
both the payback and discounted present value more a*trac- 


=ay co . Scenarios can be constructed where cost would beccme 
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a seccndary concern and availability would become primary. 
Another drought where water is not available <o be bough= at 
any price would be such a scenario. 

The technology and experience exist tc make 
water reusé a viable system. Even though it dees not appear 
to be economically feasible at this time, increased water 
costs and heightened environmental considerations combine to 
make the future of reclaimed water look bright. An argument 
in faver cf acting now would be that the costs would 
increase for retrofitting a reuse systen to already 
Gcenstructed buildgngs. TER as “at all a possibility, it 


should be ccnsidered during new construction. 
b. Rainwater Capture 


A second major area covered in Chapter Two was 
Hiren use¢ Cf Cisterns to capture rainwater for future use. 
The amount collected depends on the surface area dedicated 
to capturing the rairwater. In order to estimate a range, 
two analyses were madé, the most likely, using the runctf 
from the rew construction, and the most ambitious, creating 
a catchment to capture a significant portion of che outside 
water needed at the Fresidio cf Monterey. 

The new karracks +0 be constructed will have a 
total recf area c= abcut 40,009 square feet, 2s shown in the 
plans of the new construction. ffroives eenenes Of rain ws 
the average rainfall fer year, [Ref. 18: p.~ 11] then apprex- 
imazely 58,400 cubic feat of water could be collected each 
year, or 436,300 gallcns. Farlier it was estimated that 30 
Srogeissusced £Or outside irrigation. If the effective foru- 
lation of 4,100 is used, then 44.89 million gallons per year 
would be required for irrigation and other outside purposes. 

It is obvious that all the water from the rocfs 
Could 6= used foe irrigation. It would, in effect, be used 
abba place of pcotable water Supplied by the 
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Califernia-American Water Company. The savings would, then, 
be figured in the same way as it was for the reuse ooticn, 
multiplying the saved water by the cost. The result is 584 
units of 100 cubic feet each times the rate of $1.22€ per 
100 cubic feet, or $716 per year. 

A study referred to in Chapter Two [{Ref. 18], 
discussed the amount of water gathered from the roof of 
Pacific Grove High School as a pilot project for institu- 
egenal rainwater collection. The water thus collected was 
cf a good quality, not needing treatment except te filter 
cut leaves and debris. However, the captured water was not 
of good encugh quality to use indoors without secondary 
mpeawuen=, SO 1= Was decided to use it only for irrigation 
purposes. The costs would b2 kept iow since only piping 
Peon the Zeoor, the stcrage, pumping, and distribution facil- 
ities would te needed. 

The Pacific Grove High School study was for a 
roof area of 50,000 square feet, so the data are clcse to 
that gené¢rated for the Presidio of Monterey. The study 
Scactes that the 

total installed rainwater system costs include the cost of 
an installed tank plus the capital expenditures required 
peers of & “3 aceon ats aeeMe ce? pro vosedee: lot 
Bi67600'at 1988 cost 'isvelss [sef- 18: p 407° 
’ 
Boeneag 2neo eccount the price index change for construction 
costs £xrem 1980 <o 1983, the current cost would be approxi- 
mately $11,000. The index for converting 1980 dollars to 
ieee celiars is 1.11, which is 298.6 divided by 268.3 
[Ref. 30:3 p.~. 2] and [Ref. 31: p. 4]. PiesehatlOo MUd . 2 pl Zed 
tim2s the 1980 dellar cost of 10,000 yields the approximate 
feoaa Gost, or 11,000. 
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Applying a discount factor to the savings of 
$716 per year, az 10 percent for 35 years, results ina 
total present value cf $6,905. Compared to the anticipated 
Ges= Of the System of $11,000, this option, while not accep- 
tabie frem a strictly economic stance, nevertheless, sho 
promise. 

A sénsitivity analysis indicates that this 
alternative would be viable econcmically when the cost of 
water is greater than $1.95 per 100 cubic feet. This was 


determined as follows: 


9.6442 x 584 x X = $11,000 
X = $1.95 


This would be an increase of 160 percent over the 1985 ccst 
Compa 22o per 100 cubic feet. With the rate of water ccst 
increases, this cpticn could be economically viable in a few 
years. 

A second alternative would be to construct a 
catchmen= area tcward the peak of the Presidio hill. ies 
hill has an elevation of 775 feet and rainwater runoff flews 
intc four drainage sub-basins. Capturing water at this 
elevation would prcecvide more than adequate gravity-feed 
BecScUre 2¢crEwsuch “uses aS fire £ighting and irrigaticn. 
Currently, water mus* be pumped to that hill and then there 
issonly eneugs for lecal use on the post. If adequate 
storage could be precvided and large enough catchment areas 
constructed, energy could be saved by not pumping water to 
the peak. Also, this large quantity of water would ke avai- 
lable for use by the fire departments in surrounding 
districts. There would be an obvious good-will benefit from 
this arrangement as well as tangible benefits from the 


savings in net buying potable water for irrigation. 
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The cost question for this alternative revclvés 
around tke cptimal size of «he catchment area and storage 
facilities. Above, it was calculated that 40,000 square 
feet cf catchment area yields about 431,600 gqgallors. Jig 
(Ref. 18: p.j 3]it was stated that "the roof or collection 
a>ea determines the amount or volume of water that the 
system can provide." Also, 1t was determined that the 
effective pcpulaticn of 4,100 used approximately 44.9 
Millicn galicns cf water per year on external applications. 
Therefore, a 4,000,000 square fcot catchment would prcvide 
approximately 42.2 million gallons per year, enough to cover 
most cf the amount needed for the effective populaticn of 
4,100 pecefle. A land area of 100 acres would result in 
4,356,000 square feet of catchemnt area. 

Since the top of the hill area at the Presidio 
is abcut 140 acres, almost 75 percent of it would need +o be 
converted te a catchemnt, by covering the 100 acres witha 
nonpercus material and channeling the water to storage é@reas 
gh tanks Or ponds. Between 10 and 20 million gallons of 
storage would prebably provide an adequate amount, consid- 
ering it would be used throughout the year [{Ref. 8: p.- 16]. 
This would also provide an adequate buffer for fire emergen- 
cies, since [Ref. 25: p. 3-26] has determined that zhe total 
storage required for the Presidio to meet demands for fire 
fignting plus 50 percent of the normal demand for the crest 
of the kase is 1,100,000 gallons. 

The cost savings of this approach would amount 
to tne 30 gpcd for 4,100 people, the outdcor water use, that 
would not have tc be provided by potable water. This would 
amount to $71,550 per year, at 1985 water prices. Peeve nis 
were alsc assumed to be a capital project that would have a 
usetul life cf 35 years and a discount facter of 10 percent, 
Sacu tn-  eotal Current Outlay thet could economically be 
spent fcr this stream of future savings would be $690,000. 
That toctal amount comes from 9.6442 times $71,550. 
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Pilebekem C,mmdietne Catechnusnt. —and tank ccnetruc- 
tion, piping, pumps, and other pieces of machinery could be 
acquired for approximateiy $700,000, this project would be 
cost teneficial. ibtewouwld  Oreve —9Gnheaper Df Lakes or ponds 
could be developed that wceculd act as storage areas or if 
reservoirs, such as the David Avenue reservoir, which Cal-An 
has declared nonpotatle, could be used. As the price of 
water increases due tc growing scarcity, this option bécomes 
increasingly attractive. 


2. Ccnsumption Reductic 


+ 
a 





This section deals with ways to conserve water that 
ere OMGltedg at the time of corstruction, except for the 
lés= methcd, public education, that by its very nature would 
be targeted toward the whole post populaticn. Since the 
czher ways are not retrofits to the rest of the post housing 
and barracks areas, the savings will be generated only from 
the new ccnstruction and frem the personnel who will cccupy 
those barracks, the 1,232 added personnel. 

The new barracks populaticn cf 1,232, consuming 
water at the three year average of 80 gpced, would yielda 
eral CCnsumption of 98,560 gallons per day or 35.9 million 
gallons per year. That amounts to 48,070 units of 100 cubic 
feet each at $1.226 in 1985 costs, or $58,930 per year 
increased potable water costs due to the new constructicn. 

The methods discussed in Chapter Two are considered 
in the next section for the approximate cost savings they 


would generate. 
a. Apolied Ccnservation Techniques 


Four major approaches to reducing the flew of 
water thrcugh a house were considered. meee Strength of 
these methods lies in their passive nature. Whereas with 


the reuse and raéinwater capture methods, there are specific 
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actions needed such as altered construction procedures and 
health authority approval, flow reduction methods are put in 
place during construction and can be forgotten. They ge on 
Saving water andare really not considered again cnce the 
decision 1s mde to install then. 

One of tke largest users of water in the tyrical 
home is the toilet. However, there is no projected savings 
of water at the Presidio since military barracks already use 
cne of the more water-efficient toilets, the flush valve, 
which uses 3 to 4 gallons per flush [ Ref. 19: p. 73]. lee 
current water usage were based on a tank toilat using 5 or 6 
galions per flush, then a2 savings could be considered, by 
adding a more water efficient toilat. 

A second technique considered in Chapter Twe was 
the Sequc ion of flow from showers and faucets. 
Installation of flow reducers in showers and faucets has 
been shown to lower tse by about 50 percent, especially if a 
cutoff valve is installed in the shower *to snutoff the water 
MeeneWerdreecting the hot/ccld mix. he @his SO percent 
reduction is applied against the shower and lavatcryysink 
usage cf 16 gpcd and 3 gpcd, respectively, che result is 8 
gpcd and 1.5 gpcd, respectively. 

The appliance reduction section of Chapter Two 
does ncect apply to the particular construction under consid- 
eration at the Presidio of Monterey Since barracks dc not 
have aS many appliances as individual dwellings weuld. 
Several washing machines might be installed in each 
building, but not encugh to make a difference, although the 
post laundry or laundromat will continue to consume water. 
Also, mcst new clothes washers are water and eneraqy effi- 
cient so no new savings would be available. Future 
constructicn of laundromats should evaluate the type of 


Washer péing installed. 
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Pressure reduction valves could also be uséd +o 
lower water consumpticn. The actual amount of savings would 
be difficult to determine since both the pressure reduction 
valve and the flow reducers produce savings in the same way, 
by reducing the flow rate. tudies referred to in Chapter 
Iwo indicated a savings of 4 to 5 percent uSing a valve that 
would reduce pressure from 80 psi to 40. psi. irene Nas 
figure were applied tc the overall inside water usage cf 50 
Gped, a Savings c£ 2 to 2.5 gpcd would result. 

Chapter Two considered the impact of metering 
the water usage. When metering is used and units are billed 
on the kasis of the amount of water that they us¢e, less 
water is usually consumed [Ref. 11: p. 89]. While metering 
of military housing weuld provide useful data, there would 
net be much incentive to conserve Since the bill is not paid 
byeecnhe occupant. There would also be a problem in metering 
barracks, since twe people share a room and the bath is 
Shared Ey two to fcur rooms. Metering is not really 


possible in this situation. 


in 


Drouaght-resistan+ plants were also considered a 


iD 


away cf ccnserving water. The main reason for use of the 


= 


s 

plants is not so much during the time of normal nendrought 

water usage as at the times of drcught when water can not b 
% 


Spared for plants. Landscape pianning should take <chis into 
account. Indeed, in [Ref. 25: pe. 3-22] Brown and Caldwell 
recommend «this for the Presidio of Monterey: es 
proposed that drought-resistant plant materials be used for 
landscaping, and that minimal irrigation will be required 
eoOurewangueanghtaal establishment of “h2 plant materials." 
Current impact on lessening water use is considered to be 
negliqible. 

Lastly, public education was considered in 
Gifapter Two. Raising the public awareness of the need for 


water ccnservaticn weculd require an extensive campaign, tux 
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it could generate significant savings. Studies have shewn a 
savings of 5to 10 percent [{Ref. 193: BP. 31]. In the case of 
the Presidic of Monterey, the public education weuld be 
aimed at the whole pest, buz the specific impact on the new 
constructicn would tbe to lessen the per capita demand for 


potable water by anywhere from 2.5 gpcd *o 5 gpca. 
b. Total Savings via Conservation Techniques 


Applicaticn of the above analysis to the water 
usagé amounts in Table I¥V results in Table VI, assuming that 


all cf the above techniques are used. 


a ————————— lll ai 
| TABLE VI | 
| Applied Conservation Techniques 
| Warsr Use Before (gpcd) After (gpcd) | 
| Tedste: 17 17 | 
| Shewer/faucet 16 8 
: Lavatcory/sink 3 ee: 
| Laun 8 8 
| Dishwashing 3 . 
| Gye nar ¥ S) 5 | 
Tota 2 28 40.5 
| Less: Pressure reducing valve Paes) 
| Public Education 4.0 : 
| tena possible reduc tion to 34.5 | 
Add: cutside use 30 30 | 
| etal 80 64.5 | 
ee UL = 


Applying the total of 80 gpcd from Table VI to 
the population of 1,232 at $1.226 per 100 cubic feet, the 
before yearly potable water total is $58,930. Likewise, 
applying the total of 64.5 gpcd from Table VI to the popula- 
tion of 1,232 yields the after yearly potable water total 
Pee oc, ome che total ydarly savings is $20,175. 
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The cutlay to generate this savings is minimal. 
Shower heads and faucets must be purchased anyway and flcw- 
reduction types are nce more expensive than the high usage 
heads. Adding pressure reducing valves would cost between 
$30 and $50 per valve [Ref. 19: p. 74]. A public education 
campaign could be expensive, depending on how extensive the 
campaign would be. 

Using the same discount factor of 10 percent for 
35 years, the present value of the stream of savings of 
$20,175 ver year amounts to $194,570. ic VS nara y Likely 
that the pressure reducing valves and public 2ducaticn would 
cost more than that. This alternative, therefore, is highly 
favorable as it generates Savings in excess of the cutlays. 

The preceéding analysis leads to the acceptance 
of Hypothesis Two, since the conservation techniques evalu- 
geeae "Tesultj in significant cost savings for the United 


States government through decreased water consumpticn." 


H. DOC-WIDE APPLICATIONS 


The preceding analysis has dealt specifically with the 
effect on the Presidio of Monterey of six methods of water 
SCenservatior. A further issue to be explored is the apfpli- 
Papacy Cl enose Findings to Other military bases, net in 
terms of a check list but rather a general framework of 
guesticnse and points to consider as a part of the plannirng 
mechanism for water system construction, either as new 
Pome Euettec us Gr aS a cenOvation Of cursently functioning 
systems. ' 

In ¢ach case, base officials need to be made aware that 
a potential problem exists. The question to be asked is: 
"What wculd cause a base commander +0 consider the need for 


water conservation?" 
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OiewwWayetO Sanower that question is to record two rele~ 
vant flcws cf information--water costs and water usage. As 
these are evaluated each month against both the historic 
usage at the bas2 and in the surrounding civilian community, 
trends can ke identified. The usage and cost weuld bs 
compared tc some pre-determined level. RecOmding the data, 
making the comparisons, and flagging trends that exceed the 
pre-determined level, could all be done by one persen. 

By having on® person handle the total water information, 
the data dispursion that often takes place, where scme data 
elements are buried ina file cabinet, some ina desk 
drawer, and still mere is found only in one individual's 
memory, wceuld be ameliorated. 

If the usage and cost are within the established bcecunds, 
Hem rurther action is required. But, if they exceed linits, 
then the local commander or higher authcerity weuld be 
informed and presented with the options ‘that cculid be 
persued in a logical order to bring use and cost back into 
line. This would be a system of exception reporting. OnLy 
when the use or cost appears to be getting out of control is 
*he problem brought to the attention cf the appropriate 
Siren Olly. 

The problen, of course, is to determine what those 
Pounds wculd be, since they would be different for seach 
installation due to varying rainfall quantities, base-use 
areas, and consumpticn patterns of the assigned personnel. 
Setting those bounds might require the assistance of outside 
consultants from the local water management district, in 
Colmuneceemewicn the regulations of that particular service 
as applied by the base engineers and the command. 

Cost bounds could be developed that would relate the 
increased ccst cf water and sewage to che cost of imple- 
menting the various conservation methods. The amount of 


savings generated by each method should also be determined. 
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In this way, a cost analysis would be developed to monitor 
the marginal cost of water with boundaries set to reflect 
the ccest benefits and trade-offs as the price of potakle 
water increases. 

In the same way, boundaries on usage could be developed 
which would identify when the usage on the base was getting 
cut cf line with the historical and local levels. There 
would not be as many variables in this formulaticn, tut 
frojecticns cf population increases and use factors would be 
primary inputs necessary to set thea boundaries. 

A series of boundaries might be needed due to the leng 
lead time necessary for several of the available options. 
The process that determines tha bounds would have to 
consider this lead time and allow for it when measuring the 
EEendseana EEOQVeCctang them into the future. 

If cne cf these projections apprcaches a limit scme time 
in the future, the opticns to be considered shculd be 
tallored tc the length of time available for implementation. 
For example, if it were determined that the wastewater reuse 
opticn weuld take twce years to install and become opera- 
ticnal, then the limit for that system would start at the 
two year mérk. If the projection showed that a sudden 
increase would cause the limit to be reached in a year, then 
the wastéwater reuse cption weuld be less favorable, unléss 
a crash project was decided upon. Use of network analysis 
such as Prcgram Evaluation and Review Technique (PERT) and 
Critical Fath Method (CPM) would facilitate the costing of 
crask proiects as well as assisting in the setting up of the 
boundary system. 

It can be seen that this type cf control mechanism would 
have many interrelated parts that would require extensive 
pla a2 snGeanaseOcrdi nation. The participants in the design 
of the boundaries would need to factor in all of thes2 farts 


to “de =crm@ire am apree@priate projection for the future. 
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tazistical techniques such as regression analysis might be 
useful for this purpcse. 

The planning and control mechanism would also have a 
past, not just in evaluating and projecting the current and 
future usage, but also in assisting in the planning for new 
Bonst&uction. Baseline amounts for per capita consumption 
could be developed that show the pattern of actual ccnsump- 
tion in a specific geographic area. These usage amcunts 
could be used te plan adeguate water acquisition for new 
construction. The new construction plans would be a part of 
the usage projections that might trigger an alarm as a boun- 
dary is forecast to te reached. Therefore, the considera- 
ton of caS@ population increases could initiate an 
évaluaticn of various water conservation projects. 

Since werthy projects are always chasing scarce dollars, 
away to differentiate just what, when, wheres, and how the 
water system shculd be adjusted would provide flexibility 
for planring. It would not be just a matter of doing every- 


thing possible immediately and hoping for a savings in cost 


Gz wsage. Ie would be, rather, a systematic evaluation 
based on ¢€¢conomic criteria as to when sometning, ihae 
anyzhing, needs +o te done. If no mechanism is available, 


then the néed only becomes known, very often, when a crisis 
develcps. For water projects to be able to claim their 
Share of these scarce dollars, a mechanism, besides crisis 
management, needs to ké in place. 

When it has been determined that something can indeéd be 
don2 to reduce water usage and after the historic cests have 
teen plotted and the future trends have been projected, the 
analysis can shift to the individual techniques that would 
be apflicabie to the different boundaries. 

The reuse option has several points to consider. First, 
from a cost verspective, the metnod used to bill the base 


for its sewage treatment 1s important. Several mexheds 
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exist frem flat fee to metered usage to basing the sewage 
costs on the inflow of potable water to the fresh water 
systen. TkEe last two of these provide a cost reduction 
incentive to reuse. If the actual outflow is metered, then 
reducing that outflow by reusing the water lowers the cost. 
If reused water takes the place of potable water usually 
demanded frem the system, then less potable water is used 
and ccsts are lowered. Of course, a flat fee, as at the 
Presidio cf Monterey, provides no incentive for develcping 
reuse facilities. 

Reuse must also be carefully planned. The storage tanks 
need tc be close to the pecint of use and be able to take 
advantage of gravity feed as much as possible so as to lower 
energy ccsts required for pumping. The costs of additional 
piping also need to Fe taken into account. 

If this methcecd of conservation is being considered then 
the attitudes of the command and the base population must be 
evaluated. In some areas [Ref. 14], the population has had 
to be cenvinced abcut the adequacy of non-potable water 
being used fer applications that have formerly always used 
potable water. Indeed, this attitude problem is perhaps one 
Gmene mcs. dtrfEtcult hurdles for reuse, since in the United 
States, fporable water has been used for everything; even 
toilet flushing water is of a drinkable quality. 

As the above considerations are discussed and resolved, 
the Army three-tier model referred to in Chapter Two 
provides the next level to move to for a fuller evaluation 
coi the potential for a workable water reuse technique. 

Captured rainfall in cisterns or ponds offers ancther 
option that would reguire a relativeiy long lead tire due to 
construction time. LEPrn IS vopt tome 1S considered for any 
base, several factors should be ¢valuated. The major ene is 
the rainfall amounts and patterns on the base. If rainfall 


cccurs mcstliy in the fall and winter but water consumption 
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is highest in the dry months of summer, storage facilities 
adequate tc supply the determined need would have +c be 
constructed. A lesser amount of stored water would require 
Smaller tanks and thus lower cost, but would possibly not 
provide all the water necessary +¢o meet the damand. The 
trade-offs retween ccst and water availability would hav3 to 
be evaluated. 

A seccnd majcr ccnsideration would be th2 reliability of 


the public water supply. During times of water abundance, 
no preblem would be anticipated. However, during droughts, 
the public supply weculd be reduced. Cistern water asa 


kackup tc the public water system would be a major factor if 
the Ease were in a drought-prone area or if there were 
critical needs for water to support the misSicn of the tase, 
1.e., cooling water for nuclear energy production cr fresh 
water for aircraft washdown facilities. These needs would 
azque strongly for the installation cf a cistern system. 

Flow reducticn methods of water conservation provide a 
third option with less lead time aad relatively lower ccst. 
It is necessary to knew the current water usage quantities 
in the quarters and barracks, since some people install 
their own shower heads or remove reduction devices. Also, 
appliances ysed in quarters cannot be controlled if they are 
owned by the occupants. If the number of housing units 
having water-saving shower heads is net known, then any 
projecticns based on the installation of new shower heads 
could beée very inaccurate and not provide the amcunt of 
savings anticipated. 

After these devices are installed, «hey will ccnserve 
water withcut any conscious act by the occupant. HOWEVEL, 
they can be overridden, as noted above, so this methecd would 


require frequent monitcring. 
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Metering of wat¢r use at individual units and work 
centers wculd cause personnel to be aware or the amount of 
water used and its cost in the civilian market. Its main 
advantage would be allowing Loco ct On or = <nOSe Who 
conserve and guidance to those who usé more than others. I 
would finpoint areas of high usage indicating the possi- 
bility of leaks in the delivery pipes. 

Crought-resistant vegetation is an option that would be 
middle-cterm, one to two years, since it takes some time for 
+he plants +to become established, during which time they 
require larger amounts of water than tney will when fuliy 
EGO~ ed. It 1S important to keep in mind that indigenous 
plants are not necessarily the best. Often these plants 
have adapted themselves to the climate of the area, but also 
they may be able tc be replaced with other, more hearty 
tSp-water-Uuse plants. The major consideration with this 
Option is tc be aware of it and the potential savings. Many 
types of plants are available and an evaluation of what 
would be best suited for the base would provide data for the 
decision makers to use when considering the options in water 
conservation. 

Pupt@i¢mereOrtiac.¢ecn® and education is an option wit a 
short lead time, but one that needs tO be ongoing. A short, 
intense public education campaign may lower consumption for 
a while, but when the emphasis discontinues, consumption 
goes back up {Ref. 19: p. 35}. Public education must also 
be a coordinated appreach aimed at producing a "conservation 
consciousness aS a continuing means of demand reduction." 
(Ref. 22: pe. 232] This might mean having a program ready to 
go, geared to different levels so that, as the toundaries 
are a@épproached, the appropriate level of education may be 


mcd <e d-. 
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I. SUMMARY 


This chapter has compared the per capita water ccnsump- 
tion at thethree majcr militaryinstallations on the Monterey 
Peninsula with the urban Monterey County per capita water 
Consumpticn. As a result of the comparison, Hypethesis One 
had to be rejected. 

The next secticns considered six methods of water 
conservation from a cost/benefit perspective as an evalua- 
tion cf Hypethesis Two. The most promising approaches for 
the least cest are flow reducers for shower and faucets, 
rressure2 re2ducting valves, and public education. Thess 
methods would result in an approximate 15.5 galicns fer 
capita per day reduction in water usage or an almost 20 
percent decrease. Hypothesis Two was, therefore, accepted. 

Long-term potential exists for water reuse and rainwater 
capture. Currently, water provided by Cal-Am is cheaper, 
mae 2f the ces*®™ cf water continues to rise, a point will be 
reached in the future where th2se techniques would be 
econcmically feasible. 

This chapter concluded with an exploraticn of an 
approach to water ccnservation analysis cn other military 
bases. The main voint suqgested was that having a mechanisn 
in place that would evaluate trends in water usage and ccst 
would allcw for an orderly consideration of tke approfriate 
cpticns fcr conservation. These options would be reccgnized 
and implemented to provide maximum conservacion within the 


lead time projected. 
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IV. CONCLUSIONS 

This chapter summarizes the findings of the analysis of 
Water cconservation ‘*échniques at the Presidio of Mcnterey. 
Conclusicns reached ccncerning the two hypotheses presented 
in Chapter Cne is described and specific recommendations for 
implementaticn at the Presidio of Monterey is presented. 
The chapter ends with a listing of ideas for further 
research. 


A. SUMMARY OF FINDINGS 


Two  kaci appreaches to water conservation were 
reviewed--supply improvement and COnsumpe1On  ESQuUC TION. 
Wastéwater reuse and rainwater capture were evaluated as 
ways to improve the available supply of water. Although 
both methods are currently being used successfully in loca- 
tions as diverse as Ickyo and Orange County, California, 
analysis shows that neither one would be cost effective, at 
present, for the Monterey Peninsula. 

Four methods of ccnservation were considered that could 
bring abcut a reduced consumption--flow reduction t+echni- 
Ga cyte t bang, Grcught-resistant vegetation, and public 
educaticn. tach of these was considered for the Presidic of 
Monversy. Flow reduction techniques function by reducing 
the quantity of water used in housshold application, such as 
Pameice lets, OF fOr Showers or laundry. Pressure reducing 
valves that operate by lowering the water pressure of the 
inflowing water to the house were also considered as a flow 
reducing *echnique. Two flow reduction methods were found 
to be very beneficial by cost/benefit anaiysis--reducers for 


Showers and faucets and pressure reducing valves. 
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Mictening @¢r Water inflows and use of drought-resistant 
vegetation were considered as ways to conserve water, bux 
the savings were not as Significant by these methods as they 
were with flow reduction devices. The impact on water usage 
ct a@ public education and information campaign was evaluated 
and determined to be cost effective. 


EB. CCNCLUSIONS 


Chapter One estaklished two hypotheses that were to be 
evaluated by the analysis. Hypothesis One was that "water 
Censumper cn On milctary installations 1S proportionally 
Decne r | than  CGOnSUmMEtion in civilian communities." tas 
hypothesis was rejected when the data collected indicated 
that water consumpticn on the three military installaticns 
cn the Merterey Peninsula used less water than was used in 
urban Monterey County. 

Hypcthesis Two was that "conservation techniques can be 
implemented which will result in significant cost savings 
for the United States government through decreased water 
consumption." This hypothesis was accepted on the basis of 
the analysis in Chapter Three that applied the techniques of 


water conservation te the Presidio of Monterey. 


C. RECOMMENDATIONS 


Two major recommendations are developed in this +hesis. 
The first cne concerns the specific conservation techniques 
that should be implemented at the Presidio of Monterey. The 
recommended techniques are the installation of both reducers 
for showers and faucets and pressure reducing valves, and 
Ee na ticiewonm Of Qa public ¢ducation campaign. The esti- 
mated savings generated by these options, as presented in 
Chapté¢r Threse, was akout 20 percent. If these same nethods 


Someta menbcEEOrIt cc €Xisting Darracks and housing units, 
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the quantity of water saved would result in substantial 
dollar savings to +he government. The major advanxage of 
the flow reduction devices is that, once installed, they 
will functicn to conserve water without requiring further 
action. The public education and information campaign would 
take more planning and require constant oversight for it to 
have maximum effectiveness. | 

The second réeccmmendation is that a trend analysis 
trogram as outlined at the end of Chapter Three be insti- 
tuted for the Presidio of Monterey. That would provide for 
@ continuous monitoring of water usage, with prededermined 
boundaries in place. If these boundaries are reached, 


apprcpriate conservaticn approaches should be initiated. 


D. RECOMMENDATIONS FOR FURTHER STUDY 


There are many areas for further studies to explore. 
Sewage treatment costs and the impact of a flat fee system 
Should be studied to determine actual costs *o the consumer 
and the utility company for sewage treatment. 

Very few studies have been done on water consumption in 
military Larracks. RPCcONE ripe rOnscommrne Literature and a 


helpful understanding of military wat2r usage cculd be 


accomplished by such a study. Questions to explore should 
fac lude: (1) Is water usage different among young singles 
who live in barracks, and, if so, why? (2) What would be 


the impact cf timed shower controls or roof catchmenc<s for 
Mgemerneemat. DULEding for toilet flushing? 

In the Monterey Peninsula area, military installaticns 
were shcwn to consume less water per capita than the 
average ccnsumption in the surrounding urban communities and 
less than the consumption reported in studies of other loca- 
e2On= @naecne Unssed States. Es this unique or is per capita 


consumpticn of water less in all military bases or only 
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Gomrainetyres Or Only these in cercain locations? A study 
of other installations in different types of locales would 
provide data to help in analyzing the real water consumption 
amounts on military installations and the potential savings 
from ccnseéervation. 

Cisterns are the major water supply source in many aréas 
Spee ne werld. They could prove cost-effective, bla (eel, 
when a ccmorehensive study cf the <rade-offs of size of ‘tank 


versus cost is available for a specific area based on rain- 


hare) Quantities, collection surface area, DELL ueton 
Gemtrcils, etc. CI SEernNS Can, of course, be pULLt}§ 24 
different sizes. In {Ref. 18], some the problems involved 


in determining cistern capacity are discussed. [If rainwater 
capture is @ viable aiternative, then cistern size options 
would have to be evaluated. 

A study should be developed around pricing theory as it 
relates tc water, a scarce resource but one considered by 
many as a ‘free good. OVEReGu@leicomis Cond tioned to =hink 
cf potakleée water as a never ending resource, falling freely 
Cn ciel incom the sky. Bice. 2 “Stace,  Watel, as a scarce 
resource, is not billed at its cpen market price, tut rather 
az a low, subsidized rate. An 2ccnomic analysis cf this 
artificially low price for water and the impact that low 
price has on use and conservation would provide data for the 
conczinual evaluation cf water pricing. 

The overall needs for a fire protection system cculd be 
the basis cf a study, specificaliy related to the Presidio. 
An analysis should be madé concerning the cost and benefits 
Semmcto@eni=—EOVided Water tO Surrounding fire protection 
dis vrlces 

Also related to the Presidio, a study cculd be made of 
GTainwater capture, specifically considering the significant 
non-quantative factors involved in having a large catchment 


acea and storage facility available at the ‘top of Presidio 
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Pvc imeadd: <7 cn tC fire protection, the: areas to ccnsiderz 
would include drcught protection, ecological considerations, 
fiood contrcl, and water independence. Having an indépen- 
dent scurcée c£ water would provide protection in case of a 
drought as well as insurance for the continued functioning 
of the base if the water lines of Cal-Am were ruptured Fy an 
earthquake or other natural disaster. Capture of the rain 
that lands on the Fresidio would alleviate some of the 
flocding that occurs during heavy rainfall. It would also 
provide an exazple cf how to handle and use a scarce 
resource. It is not the use of water, but rather its misuse 
cr mismanagement, that creates problems. 

A good public education campaign aimed at military audi- 
ences weuld be a study with general applicability. Many 
resources are availakle that could be modified and tailored 
to the military base population. Aids for vresentaticn to 
school audiences, such as movies, comic books, and handouts 
for teachers abcut water conservation, as well aS water 
conservation kits and public information brochures are avai- 
lable fren the California State Department cf Water 
Resources. 
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APPENDIX A 


TERMS DEFINED 


REre  FOOt: The amount of water necessary to cover cne acre 
to a depth of cne foot of water; tOcae wor 6325, 98 


dawlen >. 


pe fer : A permeatle formation that stores and transmits 


groundwater in sufficient quantity to supply wells. 


Artesian weil: A well whose shaft penetrates through an 
impervious layer intc a water-bearing stratum from 
which the water risés under pressure. 


Graywater: Recycled water that is lower in quality than 


potable. Basically the equivalent =o non-potable and 
subpotable. 
Groundwater: The mass of water beneath the surface of the 


greund consisting largely of surface water that has 


seeped down; the source of water in Springs and wells. 


NOon-petarle water: A water that at all times meets or 
exceeds the "body-contact"™ standards of the Califecrnia 
Riteoeacrattyve Ccde;, Ticisa 225° but as not suitable for 


drinking. Also referred to as subpotable. 


Potable water: Water that 1s agreeable to the taste and 


does net contain any health-harming agents. 


Reclained water; A domestic waste water that has received 
seccndary treatment, in California, by the activated 
Sludge process, resulting in a nitrified effluent that 
meets the mcst stringent California standards for keae- 


ficial use of reclaimed water, spray irrigaticn of food 
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GEeps and.) NOn-restri cited recreationai impoundments 
(pody-con tact) . However, 1t is not coagulated and 
filtered, so it is not in technical compliance with the 


standards for petable water. 
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